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INTRODUCTION 


GROUNDNUTs are of value in commerce, mainly because they contain 
a considerable amount of edible oil. It is essential that the groundnuts 
should be capable of giving a high yield of oil with a low free fatty acid 
content. The groundnut meal which is left after the oil has been extracted 
contains protein which, if extractable, may be used for making a 
regenerated protein fibre. 

To be of use for manufacturing such fibre, the oil-free groundnut 
meal should, therefore, contain a high proportion of extractable protein. 
Furthermore, the reddish-coloured skins of the kernels should be removed 
as completely as possible before the oil is extracted. In practice, the testa 
are removed from the groundnuts by a mechanical blanching process. 
The pigments in the testa are soluble in the solution of 0-1 per cent. 
sodium hydroxide which is used to extract the protein. If the pigments 
and the proteins are extracted together, subsequent separation proves to 
be very difficult. It is therefore essential that the testa be easily removable 
from groundnuts used for making protein fibres. During research, it was 
considered that the conditions under which the groundnuts were stored 
in Nigeria before shipping to the United Kingdom might have some 
influence on their quality.“) Arrangements were, therefore, made with 
the Consultative Committee on Oils and Oilseeds (Groundnut Sub- 
Committee) of the Tropical Products Institute, for the groundnuts to be 
stored in Nigeria under known conditions by the Tropical Testing 
Establishment. The groundnuts were decorticated by three processes, 
(a) by hand, (b) by a mortar and pestle technique, and (c) by a French 
hand-operated machine. The groundnuts were stored in sacks, on a raised 
platform and covered by a tarpaulin at the “Jungle Site”, and in sacks 
at the Base Depot, Port Harcourt. Samples of these groundnuts were sent 
to the research laboratories of I.C.I. Ltd., at the time of being placed in 
storage, and after storing for 6, 12 and 24 months. 

During the course of this storage trial, more groundnuts were sent to 
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the I.C.I. research laboratories from the West African Stored Products 
Unit at Kano. These groundnuts, decorticated and undecorticated, had 
been stored, some for 18 months and others for 24 months, in the arid 
northern regions of Nigeria, and were from a different experiment on 
storage which had been started earlier. There was thus no possibility of 
examining the groundnuts at the time of placing them in store. 


EXPERIMENTAL 


Apart from measuring the oil and protein content of the groundnuts, all 
other properties which were thought to have some bearing on the manu- 
facture of protein fibre were measured. These tests, the reasons for 
performing them, and the procedure adopted are given below. 


TESTS CARRIED OUT BY THE ANALYTICAL DEPARTMENT OF 
I.C.I. Lryp. ON REPRESENTATIVE SAMPLES OF I00 G. 


In addition to the tests normally carried out on commercial quantities 
of de-oiled groundnut meal, the groundnuts in this experiment were given 
the following tests. 


(a) Undecorticated Groundnuts 


Percentage shell and extraneous matter. The shells of the groundnuts have 
no commercial value so the smaller this proportion, the better. The 
groundnuts in 100 g. of the sample were separated by hand from the 
shells and extraneous matter. The quantity of the shells and extraneous 
matter was reported as a percentage. 


(b) Decorticated Groundnuts 


1. Ratio of broken kernels to whole kernels. The commercial method used for 
blanching the groundnuts is designed for handling whole groundnuts and 
cannot remove testa efficiently from broken or “split”? groundnuts. The 
whole groundnuts were separated from the broken groundnuts present 
in a 100 g. sample and weighed. The result was reported as a ratio. 

2. Percentage skin on the groundnuts. The pigments present in the testa can 
result in fibre subsequently made from the groundnuts being dark in 
colour. The total amount of skin on the groundnuts, the ease of its 
removal, and the amount of colour extractable from the skins by a 
0-1 per cent. solution of sodium hydroxide are of considerable importance 
in the manufacture of protein fibre. 

The skins were carefully removed by hand from 100 g. of groundnuts 
and the amount of skin and other extraneous matter expressed as a 
percentage. 

3. Ease of skin removal. A preliminary assessment of the ease of removing 
the testa from the groundnuts was made by the “finger and thumb” 
method. For a final assessment, 20 g. of a representative sample were 
placed with 20 g. of granite chips in a four-oz. bottle attached to the 
shaker of a Van Slyke apparatus. The arm of the shaker was set in 
position No. 4 from the inside of the wheel. The shaker was set in motion 
with the wheel at 500 rev./min. for 15 minutes. The kernels which were 
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not completely blanched were separated and the skin then removed by 
hand, and weighed. The percentage of the skins which was removed 
mechanically was calculated and expressed as ease of skin removal. 

4. Colour of skins. The small proportion of the skins which was not 
removed by the large-scale mechanical blanching process, passed through 
the oil extraction process along with the groundnuts. Before determining 
the colour which could be extracted from the skins by sodium hydroxide 
solution, the skins were extracted with petroleum ether. The colour was 
then extracted from 1 g. of the de-oiled skins by 100 ml. of o-1 per cent. 
sodium hydroxide in a four-oz. bottle shaken for 45 minutes on a wheel 
shaker. The extract was filtered through a Buchner funnel fitted with a 
*‘Kieselguhr Hyflo Supercel’’ filter pad prepared as described in the 
Appendix. A 10 ml. portion of the filtrate was transferred by pipette to 
a 100 ml. standard flask and diluted to the mark with distilled water. 
Part of the diluted filtrate was centrifuged for 10 minutes at 1,000 rev./min. 
in a 15 ml. centrifuge tube in a M.S.E. Medium Centrifuge. The colour 
of the solution was measured by the B.D.H. Lovibond Tintometer. 


(c) Blanched Nuts 

For the rest of the analyses 250 g. of the groundnuts were blanched 
by hand. 
1. Oil Content. The oil was extracted from 25 g. of groundnuts in a 
modified oil extraction apparatus using light petroleum (boiling range 
40°-60°C.) for two hours. The partly de-oiled kernels were crushed in a 
mortar, care being taken to avoid grinding the kernels to a fine powder. 
The crushed kernels were then extracted for a further two hours. After 
this second extraction, the partly crushed kernels were returned to the 
mortar and ground to a fine powder. The powdered kernels, and any oil 
expressed from them were returned to the extraction apparatus for a 
further extraction of two hours duration. The combined light petroleum 
extracts were filtered into a tared fat extraction flask. The light 
petroleum was allowed to evaporate slowly and tHe oil finally dried to 
constant weight in a water oven at go°C. The weight of the oil was 
expressed as a percentage of the weight of the sample of groundnuts 
taken, after correcting for the moisture content of the groundnuts. 
2. Free fatty acid content of the oil. About 50 ml. of neutralized methylated 
spirits was added to the oil extracted from the groundnuts, and heated 
on a water bath for 30 minutes. The oil and the methylated spirits were 
thoroughly mixed by shaking occasionally. The free fatty acid was 
neutralized with N/10 sodium hydroxide solution using phenol phthalein 
as indicator. The percentage of free fatty acid present was calculated on 
the assumption that the acid was oleic acid. 
3. Moisture content of the groundnuts. The moisture content of the ground- 
nuts was estimated by drying a five g. sample overnight at go°C. 
4. Nitrogen content. The nitrogen value of the groundnuts was determined 
on 1:5 g. of the blanched groundnuts and the result was expressed as a 
percentage of the dry groundnuts. 


(d) De-otled Groundnut meal 
The hand-blanched groundnuts which were not used in the oil 
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determinations were de-oiled in the same way. The de-oiled groundnut 
meal was then tested by the methods normally used for testing commercial 
quantities of groundnut meal from the British Extraction Co. Ltd. These 
tests were for: 
Volatile matter 
Residual oil content (on the dry groundnut meal) 
Ash content (on the dry, oil-free groundnut meal) 
Phosphorus content (on the dry, oil-free groundnut meal) 
Nitrogen content (on the dry, oil-free groundnut meal) 
Extractable protein content (on dry, oil-free groundnut meal) (see 
Appendix) 
Nitrogen content of extractable protein 
Nitrogen content of residual meal 
Bacteria count 
Colour tests—Lovibond, and optical density at 480u (D°480) : 
see Appendix 


PROCEDURE ADOPTED BY THE RESEARCH DEPARTMENT: 
SAMPLES OF 6 Ko. OF DECORTICATED GROUNDNUTS 


(Decortication, when required, was done by hand, care being taken to 
ensure that no broken kernels or “‘splits” were included in the sample.) 
1. Blanching. In the commercial process of preparing groundnut meal 
for fibres production, the testa of the groundnuts are removed by a 
mechanical blanching process. The efficiency of this process is believed 
to be about go per cent. To blanch mechanically and reproducibly on a 
small scale at this efficiency was not a feasible proposition. Blanching was 
therefore carried out chemically by a lye steeping process (+3) in which 
all the soluble pigments are reputed to be removed from the testa. So 
that the samples of groundnuts to be used for oil extraction and ultimate 
fibre production should be equivalent to mechanically blanched ground- 
nuts, unblanched groundnuts were mixed with the groundnuts blanched 
by the lye steeping process, in the ratio of 1 : 9. 

2. Lye Steeping Process. A wire mesh basket filled with 13 Ib. of groundnuts 
was immersed in a dilute solution of sodium hydroxide. The basket was 
raised above the liquor after 10 minutes and allowed to drain for one 
minute before re-immersion. This process was repeated at 10-minute 
intervals until a total of 40 minutes had elapsed. The basket was then 
removed from the lye and immersed in cold clean water. Washing 
with water was continued until the washings were colourless. The kernels 
were allowed to drain for five minutes, then spread evenly on wire trays 
and dried at 50°C. in an oven through which a current of fresh air at 
50°C. was passed. 

3. Crushing. The kernels were twice passed through a Peerless mechanical 
mincer using a coarse cutter (# in.) the first time and a fine cutter 
(# in.) the. second time. 

4. Oil Extraction. The small scale oil extraction plant at Dumfries was 
used to extract the oil from 12 lb. of the crushed groundnuts. Hexane 
(boiling range 62°-68°C.) was employed as solvent. The kernels were 
extracted for 15 hours, drained, spread on trays, and allowed to dry at 
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room temperature. A sample of the de-oiled groundnut meal was tested 
in the standard manner by the Analytical Department. In reporting the 
nitrogen and extractable protein contents of the de-oiled groundnut 
meals, due allowance was made for the presence of the testa. 

5. Protein Extraction. The groundnut meal (2,400 g.) was added slowly 
to 24 litres of o-1 per cent. sodium hydroxide solution and stirred for 
45 minutes. The extraction liquor was filtered on a MSE Major centrifuge 
using the perforated basket lined with bonded fibre fabric and a nylon 
bag. The centrifuge was run at 1,200 rev./min. during filtration and the 
speed was raised to 2,000 rev./min. for five minutes at the end of the run. 
The residual meal was removed, re-extracted with 12 litres of o-1 per 
cent. sodium hydroxide solution for 10 minutes and filtered as before. 
The filtrates were combined and clarified by passing slowly (150 ml./min.) 
through an Alfa Laval clarifier, Type 1,229. The clarified extraction 
liquor was brought to pHs by stirring in acid and the protein which 
precipitated was allowed to settle for 18 hours, when the supernatant 
liquor was syphoned off. The protein was washed by adding water to 
make up the original volume, the whole stirred and allowed to settle 
again before removal of the supernatant liquor. The protein suspension 
which was left was concentrated in a bucket centrifuge until the protein 
content of the slurry was 25 per cent. to 30 per cent. 

6. Pilot Spinning Solutions. The pilot spinning solutions were prepared on 
a 150 g. scale by mixing the protein slurry, water, Turkey Red Oil and a 
solution of 200 g./l. sodium hydroxide with a mortar and pestle. The 
concentration of Turkey Red Oil in the spinning solution was 0-2 per 
cent. The solutions were matured for four hours at 20°C. when a measure 
of the viscosity was made by determining the time of outflow of 50 ml. 
of the spinning solution from a 0-20 Du Pont cup. 

7. Fibre Manufacture. A 2,000 g. lot of spinning solution was made up 
and matured for four hours at 20°C. The solution was de-aerated by 
centrifuging in 500 ml. capacity buckets in the MSE Major centrifuge 
for 10 minutes at 1,500 rev./min. The solution was spun through standard 
spinnerets to give three and a half denier and 22 denier fibre for pro- 
cessing and evaluation. The maximum stretch possible in the coagulating 
bath for each spinneret was also determined. The liquors used in the 
processing of the fibre were those specified in the official manufacturing 
method for “Ardil”’ fibre. 

8. Fibre Evaluation. The tensile strength of the fibre, its resistance 40 the 
standard dye test, and its colour were measured. The colour of the 
22 denier fibre was assessed on an arbitrary scale in which a white colour 
was assessed as zero, and normal fibre made on the plant as 10 units. 
All the fibre samples were kept in black envelopes in a dark cupboard to 
prevent possible alteration in colour due to daylight. 

It sometimes happens that some of the filaments in a multi-filament 
tow adhere to each other. Even a very small number of adhering filaments 
is detrimental to the fibre quality because these “stuck” filaments may 
survive textile processing and appear as faults in the cloth. The exact 
causes of “‘stuck”’ filaments are not known but it has been suspected that 
the previous history of the groundnut meal may be partly responsible. 
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The test of openness is entirely subjective and is based on general 
experience in assessing fibre quality. 


RESULTS 
For convenience the groundnuts were classified in the following way: 


Experiment 1: groundnuts decorticated by a mortar and pestle 
technique. 


Experiment 2: groundnuts decorticated by a French hand-operated 
machine. 


Experiment 3: groundnuts decorticated by hand. 
Experiment 4: undecorticated groundnuts. 


The storage experiment started in February 1955 at which time the 
groundnuts were placed in storage and samples sent to Dumfries. Further 
samples were withdrawn after 6, 12 and 24 months and despatched to 
Dumfries. In general, the samples were about two to three months in 
transit. 

The assessment of the groundnuts received from storage at the Jungle 
Site and Port Harcourt are given in Table I; the analysis of the hand- 
blanched groundnuts in Tables II and III, and the assessment of the 
groundnuts by the Research Department, in Table IV. 

The groundnuts which were decorticated by hand (Experiment 3) 
contained much fewer broken or split nuts than the groundnuts decorti- 
cated by other methods. After 12 months storage, the kernels which had 
been decorticated by the mortar and pestle technique and by the hand- 
operated machine had been so severely attacked by insects and larvae 
that there were very few whole nuts left. It would have been impossible 
to carry out the lye steeping process on these nuts so no attempt was 
made to extract protein. The groundnuts which had been hand-shelled 
were still usable after 12 months storage, although, after 24 months, they 
were also no longer suitable for making fibre. To give some indication 
of the degree of break-down of the groundnuts, the samples were sieved. 
See Table V. 

Part of each sample of the groundnuts which had been stored for six 
months was kept in stoppered bottles in the laboratory. After some months, 
these samples became infested with larvae and moths. It must be assumed, 
therefore, that insect attack had already taken place during the first six 
months storage in Nigeria and that the larvae which appeared in the 
totally closed samples kept in Dumfries had grown from eggs already 
present on the groundnuts. 

There was a general tendency for the skin content to decrease with 
longer periods of storage. This was accompanied by greater difficulty in 
removing the skins. On the other hand, the extractable colour in the 
testa decreased. 

The oil content of the groundnuts was essentially unchanged after 
six months storage. After 12 months, however, the groundnuts from 
experiments 1 and 2, which were by then badly broken up, gave a 
decreased yield of oil. After 24 months storage, the yield of oil from the 
hand-shelled groundnuts of experiment 3 had also diminished although 
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the oil content of the undecorticated groundnuts remained approxi- 
mately constant (figs. 1, 2). 

The free fatty acid content of the oil from all the samples increased, 
the longer the period of storage. This increase was especially marked in 
the case of the badly broken groundnuts. Of the undecorticated ground- 
nuts, those stored at the Jungle Site showed the greater increase in the 
amount of free fatty acid in the’ oil (figs. 3, 4). 

The proportion of ash and phosphorus in the oil-free, hand-blanched 
groundnuts lies within the normal range of values found in commercial 
samples of de-oiled groundnut meal. 

The decrease in the yield of oil from the severely damaged groundnuts 
was accompanied by a decrease in the yield of extractable protein from 
these groundnuts (figs. 5, 6). Just as the quality of tne oil deteriorated, 
so did the properties of the protein. The nitrogen value of the protein 
decreased although the nitrogen content of the de-oiled groundnut meal 
and the residual meal: was normal. The inference which can be drawn 
was that the protein was being converted in such a way that it was not 
precipitated at pHs. A further point is that, during the extraction of the 
protein from the groundnuts in experiments 1, 2 and 3 after 24 months 
storage, the pH values of the extraction liquors were abnormally low. 
For example, in the Port Harcourt series, the pH values were: experi- 
ment 1—6-05, experiment 2—6-45, experiment 3—6-7 and experiment 
4—9°35. Usually in a o-1 per cent. sodium hydroxide extraction, the 
pH value is about 9-3. Because of this, the analytical procedure had to 
be modified by using sufficient sodium hydroxide to adjust the pH value 
of the extraction liquor to 9-3 where necessary. 

There was no obvious reason why the bacteria count on the de-oiled 
meal prepared from the nuts in experiments 1, 2 and g stored 12 months 
at the Jungle Site should be so high. 

The low value for the yields of oil and extractable protein from the 
groundnuts of experiment 3 stored six months at the Jungle Site requires 
some comment. This low value for the extractable protein was unexpected, 
although it appeared to be reproducible. Further doubt was cast on 
these values when the protein yield after 12 months storage was much 
nearer the original value. A repeat determination of the extractable 
protein was therefore made on another sample of the groundnuts which 
had been stored in Dumfries. The value was 40-9 per cent. which indicates 
that there were variations in the properties of this particular_Jot of 
groundnuts. No repeat determination was made of the oil content, but 
it is reasonable to suppose that it should also have been greater. 

The yellow colour of the protein from the hand-blanched kernels 
appears to decrease with storage time. 

The properties of the de-oiled groundnut meal prepared by the 
Research Department (Table III) vary in detail when compared with 
the properties of the de-oiled meal prepared by the Analytical Depart- 
ment (Table II). Allowance has been made where necessary for the 
presence of skins on the groundnuts. The variations are probably caused 
by different techniques necessitated by the difference in the scale of 
working. 
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The colour of the de-oiled groundnut meal prepared by the Research 
Department and reported by the Analytical Department is a measure of 
the colour of the clarified extraction liquor. The colour of the protein 
isolated by the Research Department is a measure of the colour of a 
solution containing four per cent. protein and 0-2 per cent. sodium 
hydroxide. 


Fibre Properties 


The openness of the fibres spun showed a tendency to deteriorate 
with increasing age of the groundnuts. 

The colour of the fibre varied from experiment to experiment as well 
as with age of the groundnuts. Apart from minor variations, the fibre 
colour became darker as the period of storage was increased (figs. 7 and 8). 

None of the fibres was as lightly coloured as normal plant-produced 
fibre. This throws doubts on the assumptions made about blanching by 
the lye steeping process. Either this process was not as efficient as is 
claimed, or the efficiency of the mechanical blanching process used by 
the British Extraction Co. Ltd. is better than go per cent. 

The maximum stretch ratio showed a general tendency to decrease 
as the period of storage increased. There was no significant change in the 
tensile strengths of the fibres and only a slight decrease in the resistance 
of the fibre to the dye test. 


Groundnuts stored in northern Nigeria 


The properties of the groundnuts stored in northern Nigeria are 
recorded in Tables VI, VII, VIII and IX. 

Because the groundnuts could be examined only after they had been 
stored for 18 and 24 months, it is not easy to distinguish between genuine 
storage effects and normal sample variations. It is probable, however, 
that the hand-shelled nuts again contain a smaller proportion of broken 
or split kernels than the groundnuts decorticated by mortar and pestle. 

The skins were extremely difficult to remove from undecorticated 
groundnuts, whereas it was much easier to remove the testa from the 
normal Kano groundnuts. The removal of the skins from all the samples 
of groundnuts became more difficult the longer the nuts were stored. 

The yield of oil was high, even after 24 months storage. The propor- 
tion of free fatty acid in the oil remained very low in the case of the 
undecorticated groundnuts, but was higher, and increased with length of 
time stored, in the case of the decorticated groundnuts, especially for the 
mortar-decorticated Kano groundnuts. The yield of extractable protein 
was high, and the nitrogen value of the protein normal. 

The composition of the spinning solution, and the openness of the 
fibres were normal. The colour of the fibre produced from the decorti- 
cated groundnuts was lighter than that of the fibres prepared from 
undecorticated groundnuts. There was little real difference in the 
properties of the fibres produced from the different samples of nuts and 
all were comparable with normal protein fibre, except that the colour 
was slightly darker than that of the normal which was rated at 10 
units. 
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CONCLUSIONS 


In general it can be stated that the quality of the groundnuts stored at 
the Jungle Site and in Port Harcourt deteriorated during storage. This 
was especially so in the case of the groundnuts decorticated by the mortar 
and pestle technique or by the hand-operated French machine. The 
undecorticated groundnuts were least affected by storage. From the point 
of view of protein fibre manufacture, however, the storage of even un- 
decorticated groundnuts at either of these sites is likely to make the nuts 
less attractive mainly because of greater difficulty in removing the skins. 

On the other hand, the groundnuts stored in the arid northern regions 
of Nigeria were much less affected by the long period of storage. It must 
be remembered, however, that these groundnuts were harvested in 
November 1953, whereas the groundnuts stored at the Jungle Site or at 
Port Harcourt were harvested early in 1955. 
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APPENDIX 


Method for the Determination of the Extractable Protein of 
De-oiled Groundnut Meal ™* 


Preparation of the sample. The sample should be ground to pass a No. 6 
mesh British Standard sieve. 

Extraction of protein. Weigh 10 g. of the prepared sample into a 250 ml. 
glass centrifuge cup and add 100 ml. of o-1 per cent. sodium hydroxide 
solution (0-098 to 0-102 g. NaOH per 100 ml.). Close the bottle with a 
well-fitting stopper and shake on a wheel shaker for 45 minutes,-care 
being taken that the meal is thoroughly wetted before shaking. 

Filtration of caustic soda solution of protein. Spin the meal and caustic soda 
solution in the glass centrifuge cup in an M.S.E. medium centrifuge at 
2,500 rev./min. for ten minutes. Decant the supernatant liquor through 
a No. 17 X 2 sintered glass funnel, collecting the filtrate in a clean 
Buchner flask. Return to the centrifuge cup any particles of meal which 
may have been transferred to the filter funnel during the decantation. 
Add 75 ml. of o-1 per cent. sodium hydroxide solution to the centrifuge 
cup, shake vigorously by hand to remove the sediment from the base of 
the cup and follow by wheel shaking for 15 minutes. Spin the centrifuge 
cup in the M.S.E. medium centrifuge at 2,500 rev./min. for ten minutes 
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and decant the liquor through the same 17 xX 2 sintered glass funnel. 
Repeat shaking, centrifuging, and filtering with a further 75 ml. of 
O*I per cent. sodium hydroxide solution and finally wash with a further 
75 ml. of o-1 per cent. sodium hydroxide solution, the shaking on the 
wheel being replaced by shaking by hand for two minutes. Collect 
filtrates from the extraction and washings in a 1,000 ml. beaker. 
Precipitation of protein. Pass into the sodium hydroxide solution a stream 
of sulphur dioxide gas until the pH is approximately 4. Determine the 
pH value of the solution accurately by means of a pH meter and carefully 
adjust the pH value to 5 + 0-05 by the addition of a dilute solution of 
sodium hydroxide. Wash the electrodes well with distilled water, collect- 
ing the washings in the beaker containing the precipitated protein. 
Separation and washing of the protein. Allow the precipitated protein to settle 
in the beaker for approximately five hours. Syphon off the supernatant 
liquor from the beaker and collect the liquor in a 2,000 ml. beaker. To 
the protein in the original beaker add 500 ml. of distilled water, mix 
thoroughly and allow to settle overnight. Use a syphon to transfer the 
clear wash liquor to the supernatant liquor in the 2,000 ml. beaker and 
repeat the washing of the protein with a further 500 ml. of distilled water. 
Allow to settle until the supernatant liquor is only very slightly turbid 
—approximately four hours—and finally transfer the clear or slightly 
turbid liquor by syphon to the 2,000 ml. beaker containing the super- 
natant liquor and the first wash liquor. 
Separation of solids in the supernatant liquor and washings. Centrifuge the 
supernatant liquor and wash liquor in 250 ml. glass centrifuge cups using 
M.S.E. medium centrifuge at 2,500 rev./min. for 10-15 minutes, the 
clarified liquors being decanted before each addition of wash liquor. 
After centrifuging, transfer the residue in the cups to the protein retained 
in the original beaker, using industrial spirit. 
Dehydration of protein. To the protein in the 1,000 ml. beaker, add 250 ml. 
of industrial spirits, mix thoroughly and allow to settle—usually about 
1-1} hours. Decant the wash liquor through a tared No. 3 porosity 
sintered glass crucible (capacity about 50 ml.) and wash the protein once 
again with 250 ml. of industrial spirit. Finally wash the protein three 
times with acetone, 150 to 200 ml. being used for each wash, the last one 
being used to transfer the protein from the beaker to a tared sintered 
crucible. Dry the sintered crucible and protein in a water oven at 95°C. 
for two hours or until constant in weight. Calculate the weight of protein 
as a percentage of the weight of sample taken and correct for the moisture 
content of the sample. Report the result obtained as percentage extract- 
able protein in the meal, using 0-1 per cent. sodium hydroxide solution. 
Colour. Prepare the protein solution by extracting the groundnut meal 
with 0-2 per cent. caustic soda solution. Clarify the extract by centri- 
fuging, filter through a Kieselguhr Hyflofilter pad and, finally, centrifuge 
again. 

Determine the optical density of the clarified solution by means of 
the Unicam S.P. 500 Spectrophotometer, using a 0-5 cm. glass cell. 

Take the average of nine results obtained by measuring the optical 
densities of three aliquots from each of three tests. 
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EFFECT OF STORAGE ON THE QUALITY OF GROUNDNUTS 
























































tt 61 gz bz 
SG Lz gl gi (stun dip4j1g4v) 21Qy JO Mo[OH 
ee — — online SS 
poor) poory — poor bz 
— meq ey + meg g! 21qy jo sssuusdD 
1-1/S6.61 G1.1/1-0% ; Go. 1/10.0% at bz as HORN “229 sad/urajord "yaa wad) 
Go.1/SS.g1 Go.1/S6-g1 Go.1/L-g1 g! uonnyos Suruurdg jo uontsoduror; 
1. 9: 6.4 aap * MOTPX 
0-€ 1-% 1-% bz : pew 
1-L ¥.¥ £-¥ * MOTPA 
o-F 1-% 0-% gi : p2y  utsjo1d jo anojorn 
€.L1 ahi g-L1 bz 
a-L1 8:9! 6-L1 gi (‘qua9 429) utaj}01d jo yuUa}U09 UsZ0I}INY 
site es nlidicaciieeiaatisoteaia weap “a lpn icici iinet 
0g-6 G1-o1 06.6 bz UOT}IVI}XS VTBIS D3] FZ 
00-01 Sg-6 So.o1 gi jo Zutai[y s10joq FYd—uonNoeI} xo UlDN}01g 
o-F ; ¥.€ ¢.€ 4 MOTIPA (1]99 ‘a9 G.0) 
a-1 I-I O-1 bz pew s}1up) 
0-4 ¥.€ 6-6 * MOTPA puoqioyT 
B1 O-1 6.0 gl py 
‘ronbi] u0NIe13xX9 PIylIe]D Jo mnojoD 
‘og gSé 00S‘z bz 
ob g6& oz0'! gl ,01 X ('3/*840) yUNOD eIID}0Ng 
z.Sb 9.68 L.zb be 
g:1F 6.zb L.&b gi (‘quaa sag) yuayuod utaj}01d s[qQuioVnx| 
~ - een oe me re 
£.01 g-6 g:6 gi (‘quao sag) Jeour pajio-op jo yU9}U09 UsZOI}IN 
zS-o gi-I [6.0 bz 
LL.1 go-% bS.1 g! (‘quaa sag) YUIJUOD [ID 
G.o1 Lg 6-8 bz : 
b.6 L-g 1-6 gi (‘quaa sag) yUIJUOD JINAsSIOWY 
(g9°v) (SL-q) (91°D) 
sjnupunoil‘) synupunolr) sjnupunolr) 938101S 
pereonz0s9puy) P]24g pure ouvy [ewsi0oN ul syJUOyy 











juaujsvgaq yrsvasay 4q p2jt0-9(] joayy jnupunosy fo juaussassy 


XI ATav 


174 TROPICAL SCIENCE 


Fic. 1. Oil Content of Groundnuts Stored at Jungle Site 
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Fic. 2. Oil Content of Groundnuts Stored at Port Harcourt 
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Fic. 3. Free Fatty Acid Content of Oil from Groundnuts Stored at Jungle Site 
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Fic. 4. Free Fatty Acid Content of Oil from Groundnuts Stored at Port 
Harcourt 
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Fic. 5. Extractable Protein Content of Groundnuis Stored at Jungle Site 
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Fic. 6. Extractable Protein Content of Groundnuts Stored at Port Harcourt 
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Fic. 7. Colour of Fibre from Groundnuts Stored at Jungle Site 
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COLOUR (ARBITRARY UNITS) 





aie i a 
BEE EEE EE 
F ee te 

ee ed 


STORAGE TIME IN MONTHS 


1 rae aR TES 








q 


—s 


Se 


FIBRE COLOUR (ARBITRARY UNITS) 


SOURCES OF STARCH IN COLONIAL TERRITORIES: II 181 


Fic. 8. Colour of Fibre from Groundnuts Stored at Port Harcourt 
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Sources of Starch in Colonial Territories 
II*: Arrowroot (Maranta arundinacea Linn) 


By W. D. Raymonp and Miss J. SQuiREs 
Tropical Products Institute 


THE true arrowroot starch of commerce can be prepared from the 
rhizomes (commonly called roots) of various species of Maranta including 
M. arundinacea, M. indica, M. nobilis and M. ramosisima, but it is nowadays 
obtained almost entirely from Maranta arundinacea Linn., a plant indi- 
genous to tropical America and the West Indies. The plant is cultivated 
on a large scale only in St. Vincent, and is generally known as “West 
Indian” or ‘‘St. Vincent”? arrowroot, which should not be confused with 
“Brazilian” arrowroot (Manihot utilissima—cassava starch), ‘““Queensland” 
arrowroot (Canna edulis—canna or Tous-les-mois starch), “British Guiana” 
arrowroot (Dioscorea alata—yam starch), or other starches also known as 
arrowroots. 

The term “‘arrowroot” is probably derived from the Carib word 
“‘araruta” meaning “mealy root’; other suggestions are that it refers to 
the use of the pulp of the fresh roots to treat wounds caused by poisoned 
arrows or that the name may refer to the shape of the pointed tapering 
roots themselves. 

M. arundinacea is a herbaceous perennial plant growing to a height of 
3 to 5 feet and bearing oval or lanceolate leaves, and white flowers 
arranged in clusters (Plate I). Although the plant flowers profusely, it 
rarely sets seed and, perhaps for this reason, hybrids have not as yet been 
propagated. The root stock forms fleshy cylindrical rhizomes below the 
soil surface. These are about 1 inch thick and from about 8 to 18 inches 
long. The rhizomes are divided by joints into sections of about 1 inch 
and are covered with quite regular pale brown or white scales at each 
joint (Plate II). Root cuttings (tops of rhizomes which are cut off at the 
starch factories) and young off-shoots are used for propagation. Planters 
in St. Vincent distinguish two varieties of arrowroot, the creole and the 
banana. The creole variety has relatively separate thin rhizomes which 
penetrate more deeply into the soil than the shorter, fatter rhizomes of 
the banana variety, which grow in clusters close below the surface. The 
banana variety is, therefore, more easily harvested and, because of its 
lower fibre content, is also easier to process than the creole variety, although 
it deteriorates more rapidly after harvesting. In practice, the kind of 
soil mainly dictates the variety to be grown, although both varieties are 
often grown side by side. They are usually harvested at the same age. 


CULTIVATION 
St. Vincent, with its sandy loam soil containing minerals of volcanic 


* For I: “The Sago Palm”, see Colon. Pl. Anim. Prod. 1956, VI, No. I, 20-32. 
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origin and with its heavy rainfall, is admirably suitable for growing the 
arrowroot plant, which demands a plentiful supply of water and free 
drainage. Large quantities of clean fresh water are also essential in the 
manufacture of the starch, and this is to be found in the numerous rapid 
streams which run east and west from the central range of mountains to 
the coast. Planting often begins in May, at the beginning of the rainy 
season, after the soil has been ploughed or thoroughly forked. Holes 
two to three inches deep are then made with hoes, and selected pieces of 
rhizomes or “‘bits” are dropped in and covered over with soil. The land 
may have to be weeded from three to six times in a season. The crop 
matures in about eleven months, when the leaves begin to wilt and turn 
yellow. It appears that arrowroot might be harvested all the year round, 
subject to suitable weather conditons, but harvesting is generally con- 
centrated during the period November to April. The roots reach 
maturity when they are ten to twelve months old, the exact age depend- 
ing on the month of planting. The maximum starch content is found 
when they are approximately twelve months old, after which the starch 
content declines and more sugars are found. The maximum yield of 
starch from the roots can be obtained when they are ten to eleven months 
old. Although the roots have a higher starch content when twelve months 
old, the fibre and cell structure of the roots become tough and it is very 
difficult to extract the starch. These observations were based on a limited 
number of experiments and further work, involving different soils and 
varying periods of growth, seems necessary in order to determine whether 
a better system of cultivation could be adopted than that at present in 
common use. Modern starch processing factories represent a heavy 
investment and the greater the proportion of the year they can be kept 
occupied, the more economic will be their running. If, therefore, the 
period of harvesting the roots could be extended, the factories could be 
run for a larger proportion of the year and the overhead costs could 
consequently be reduced. 

Occasionally, other crops are grown on land used for arrowroot. 
Sweet potatoes are often grown for a short period of about five months. 
The Agricultural Department, St. Vincent, carried out experiments on 
the use of fertilizers, as a result of which they recommend a NPK mixture 
in the ratio of 8:5: 14 in dressings up to 800 lb./acre. A trial to 
determine the best time for the application of fertilizer indicated that no 
benefit is derived from the early application of phosphate and potash 
nor from splitting the nitrogen application. Maximum results are 
obtained when the NPK mixture is all applied to arrowroot at the 
flowering stage, three and a half to four months after planting. 

After continued cropping on the same land, the creole variety often 
develops thin useless roots known as “cigar” roots. The banana variety 
does not have the same tendency to form these thin roots and, hence, this 
variety is sometimes preferred for growth on soils which tend to give poor 
rhizome development. 

The season of harvest lasts from late October to early April. On 
account of the steep gradients in St. Vincent, the plots and plantations 
are normally terraced and peasants usually start harvesting at the bottom 
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of the terrace, digging up the rhizomes as they work uphill and heaping 
them up ready for collection (Plates III and IV). As the digging proceeds, 
weeds and refuse are buried to provide organic compost, and “bits” are 
planted at the same time to ensure continuation of the crop. Successive 
crops are harvested for five to six years before the land is completely 
cleared and rested for a while before replanting. 

Arrowroot occupies about 5,000 acres in St. Vincent. The yield of 
rhizomes is measured in baskets per acre, one basket containing roughly 
100 lb. On a good estate the yield is 200 baskets per acre and on a fair 
estate 150 baskets per acre, but on poor peasant land it is only 70 to 100 

‘ baskets per acre. The average yield of starch in St. Vincent in 1955 was 
1 ton per acre, although some good estates gave 14 tons per acre whilst, 
on poorer land, yields were only $ ton per acre. 


EXTRACTION OF THE STARCH 


In St. Vincent there are about 35 privately-owned factories, and one 
“Central”? factory equipped with modern processing machinery. The 
Central factory was provided from Government funds, the aim being 
to demonstrate the superiority of modern technology. The intention was 
to place the ownership eventually with the St. Vincent Co-operative 
Arrowroot Association which was formed in 1930 to market arrowroot 
and to regulate and control its export. 

The methods of extraction of starch show little variation in the older 
factories. The process consists essentially of crushing the roots after 
washing, mixing the crushed roots with water, passing the cream over a 
series of sieves (e.g. 60 and 120 mesh) to separate the fibre, and allowing 
the starch to settle on long tables. The starch is then lifted from the tables, 
mixed with water and resettled overnight in small concrete vats, after 
which some extremely fine fibre, or ““madungo”’, is removed (Plate V). 
In some of the more progressive factories, this operation is carried out 
with centrifuges. Finally, the starch is air-dried on racks. The tables used 
for starch settlement are usually made of concrete and often show signs 
of corrosion. This problem has been studied briefly at the Tropical 
Products Institute and the corrosion is thought to be due to the presence 
of acids in the rhizomes. Most of the water supplied to the factories is 
now chlorinated to prevent bacterial fermentation and this has con- 
siderably improved the quality of the product. 

The process adopted at the modern Central factory is somewhat 
different. On arrival at the factory the rhizomes are first of all thoroughly 
washed in special machines (Plate VI) and cut into small pieces before 
being rasped and crushed into a pulp which is passed in a continuous 
flow of water on to a series of three vibratory sieves. The residues 
remaining on the sieves are crushed and sieved twice more, and the 
starch milk is then pumped up to the separator. This continuous centri- 
fugal separator replaces the old separating tables over whose slightly 
inclined surfaces the starched milk flowed slowly throughout the day, 
the starch settling to the bottom of the trays in the process, to be dug 
out when the flow for the day’s work ceased. The old method of separation 
involved an inevitable loss because some particles of starch remaining 
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Pirate I. Arrowroot plants (Maranta arundinacea) 
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PiaTe II. Arrowroot rhizomes 





III. Harvesting arrowroot in St. Vincent 
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PLATE IV. Arrowroot awaiting transport to factory 
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LATE V. Final settling of starch (old type factory) 
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I. Root washing machines in the Central factory 
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PLATE V 
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in suspension were carried over; also, the length of time the starch was 
in contact with the “fruit water’* (anything up to 12 hours) was pre- 
judicial to the production of the highest quality starch, since the “fruit 
water” accelerated fermentation and tended to give a characteristic 
musty odour to the final product. In the new process the separator 
divides the starch from the “‘frujt water’? within four minutes, and it is 
then mixed with fresh water, passed through a fine sieve of 120 mesh 
wire cloth and re-centrifuged. 

The starch output from the second centrifugation is mixed with fresh 
water treated with sulphurous acid (to control fermentation) and fed 
into settling tanks. After the starch has settled, the supernatant liquid is 
run off and the upper layers of sediment are washed away by vigorous 
hosing. This serves to remove as much as possible of the fibre still 
remaining in the starch. 

The starch is next dried to a moisture content of about 17 per cent. 
In the new factory this is effected by a mechanical steam-heated drier 
capable of drying up to 8 tons of starch in 24 hours. Any desired degree 
of moisture content can be obtained, and the entire drying process takes 
only two to three hours. This is a great improvement on the old method 
of air-drying. 

The new Central factory can process 40 tons of roots in a 24-hour 
day but, in practice, an extraction rate of 16 per cent. is achieved with 
an annual output of about 700 tons of starch. The normal crop season 
is 140 working days and, therefore, in each day the factory produces 
about 5 tons of starch from 30 tons of roots. 

The final process is the sifting and bagging of the finished product 
(Plate VII). Most high-grade arrowroot is “‘dressed”’, that is the granules 
and lumps are converted to fine flour. 

The fibrous debris or “‘bittie’’ remaining after the extraction of starch 
is usually thrown back on the land or utilized as a cattle feed, but it is 
still rich in starch. In the Central factory it is passed through a horizontal 
steam grinder which pulverizes the fibres and releases the starch, which 
is fed into the main stream emerging from the first operation. Typical 
analyses of “‘bittie’’ and the original rhizomes are given overleaf: 


* “Fruit water” is the term for the water which has accompanied the starch 
through its extraction processes. 
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Dried “‘bittie” 
aapllicibpsrakomnaoin 
from creole from banana 
roots roots 
per cent. per cent. 
Moisture content (loss at 100°C.) 12°5 11°9 
Ash content ; 2°2 2°6 
Fat content ‘ 0-3 o-3 
Crude fibre content . ; ‘ 14°0 14°8 
Crude protein content (N X 6-25) 3°7 2°3 
Starch content (by acid hydrolysis) 64-0 50°4 
Rhizomes 
co ON 
Creole variety Banana variety 
per cent. per cent. 

Moisture content (loss at 100°C.) 69°1 72°0 
Ash content 1*4 1°3 
Fat content ; orl orl 
Crude fibre content. ; , 1°3 0-6 
Crude protein content (N X 6-25) ; 1°O 2°2 
Starch content (by acid hydrolysis) . 21°7 19°4 


Experiments made in connection with the development of a small 
arrowroot starch industry in Antigua have shown that salinity in the 
processing water adversely affects the viscosity of the finished starch 
(Colon. Pl. Anim. Prod., 1956, VI, 42). This factor more than any other 
may have ensured the emergence of the St. Vincent industry as the main 
surviving representative of arrowroot processing in the West Indies, since 
St. Vincent abounds in streams of pure water. At one time, arrowroot 
starch was made on several other West Indian Islands, including 
Dominica, Barbados and Jamaica, and small quantities are still made 
to-day in Antigua and Monserrat. Outside the West Indies, it is doubtful 
whether any large-scale processing of true arrowroot occurs, although 
small amounts have been prepared until recently in Madagascar and also 
in Mauritius. A sample of Mauritius arrowroot examined at the Tropical 
Products Institute had a viscosity behaviour resembling that of the banana 
variety from St. Vincent. The maximum viscosity of the starch was high 
(1265 Brabender units) but, after holding the suspension at 92-°5°C. for 
15 minutes, there was a 33:2 per cent. decrease in viscosity (to 845 
Brabender units) ; this compares with a 35-6 per cent. decrease in viscosity 
of a sample of St. Vincent banana starch under similar conditions. (See 
below for an explanation of the units used for measuring viscosity.) 


GRADING AND MARKETING 

The grading of arrowroot starch is at present mainly based on seven 
important characteristics, namely: 

1. Colour 
Cleanliness 
Moisture content 
Ash content 
Pulp and fibre content 
pH 
Viscosity. 
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There are now five main classes of starch marketed in the U.S.A. of 
which four are graded principally according to their viscosities; the fifth 
is known as “ungraded”. In the new Central factory in St. Vincent a 
chemist and two assistants carry out tests at every stage of the process. 
The price paid for roots is dependent upon their starch content, deter- 
mined on receipt. The finished starch product is examined particularly 
with regard to its viscosity (Plate VIII). Starch produced at the older 
factories in St. Vincent is examined and graded at the Central Pool of 
the Co-operative Arrowroot Association. 

Good quality arrowroot starch should be pure white in colour, clean 
and free from specks. The moisture content should be not more than 
17°5 per cent. for Grades 1 and 2 and not more than 18-5 per cent. for 
Grade 3. The ash content and the pulp and fibre contents should be low 
and the initial pH should be between 4-5 and 7. For Grade 1 starch the 
maximum viscosity should be not less than 663 Brabender units, for 
Grade 2 it should be between 640 and 663 Brabender units, for Grade 3 
between 605 and 640 Brabender units and for Grade 4 between 512 and 
605 Brabender units. The description of viscosity in Brabender units is 
liable to cause confusion owing to the existence of two sets of units 
depending on whether the Viscograph used for the determination is of 
American or of German manufacture. In this context viscosity has been 
expressed throughout in German units and where necessary to convert 
from American viscosity units a conversion factor has been employed 
(i.e., 0-43 X German unit = 1 American unit). 

The total amount of starch exported from St. Vincent in 1956 was 
9,912,000 lb., most of which was sold on the United States market. Of 
the starch produced at the new Central factory in its first season, 
1955/56, more than 80 per cent. was classed as Grade 1 and more than 
10 per cent. as Grade 2, as compared with the Island’s average of 59 per 
cent. Grade 1 and 26 per cent. Grade 2. However, at least one of the 
older factories had a better record than the Central factory, namely 
g1°6 per cent. Grade 1 and 8-4 per cent. Grade 20 


THE VIscosiITy OF ARROWROOT STARCH 


The viscosity of starches can best be studied by means of a recording 
instrument such as the Brabender Viscograph. This instrument con- 
tinuously records the viscosity of a starch suspension. The temperature 
of the suspension is slowly raised, usually to 92-5°C. and then maintained 
constant. Curves obtained for typical samples of arrowroot,’ sago, 
Brazilian cassava and maize starches are illustrated in the diagram on 
p. 192. It will be noted that arrowroot starch has a high maximum 
viscosity which it retains on further heating, in contrast with the fall in 
viscosity experienced with both cassava and sago starches. 

In this connection, starches prepared from the two varieties of arrow- 
root (banana and creole) have a different viscosity behaviour as is shown 
in the diagram on p. 191. Banana starch usually achieves a higher 
maximum viscosity than creole starch but, like cassava starch, fails to- 
retain its viscosity. Since more creole than banana arrowroot is grown in. 
St. Vincent and the two varieties are mixed before sale, this property of 
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banana starch does not affect the final marketed product to any great 
extent. 


Microscopic APPEARANCE 


Arrowroot starch is composed of simple granules 15u to 7ou in length, 
oval or egg-shaped. The banana variety has a slightly higher proportion 
of large granules than creole. Striations are usually faintly concentric with 
a centric hilum at which distinct polarization lines intersect. The hilum 
is located by a characteristic, double curved fissure. 


UsEs 


Since arrowroot starch has a high maximum viscosity and yields a very 
smooth jelly or paste it is of particular value for infant foods, puddings 
and dietetic purposes. It forms an ingredient of arrowroot biscuits, 
although the amount may be very small in some brands. Other uses are 
as a face powder base and for certain types of glue. Its use is limited by 
its high price as compared with other starches more common in com- 
merce. Statistics covering the world trade in arrowroot starch are given 
on pages 189 and 190. 
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Pirate VIII. Apparatus for the examination of the viscosity behaviour of starch— 
Laboratory of the St. Vincent Co-operative Arrowroot Association 
(facing page 188 











SOURCES OF STARCH IN COLONIAL TERRITORIES: II 


ExPorTs OF ARROWROOT FROM ST. VINCENT FOR 1955 TO 1957 


Aruba 
Belgium 


Country 


British Guiana 


Anguilla 
Antigua 
Barbados . 
Dominica . 
Grenada 
Jamaica 
Montserrat 
St. Kitts 
St. Lucia . 
Trinidad 
Canada 


Dutch Guiana 


France 


West Germany 


Martinique 
Holland 


United Kingdom 


United States of America 


Other Countries 


Value 








1955 
lb 


5,880 
1,200 
125,928 


= 672 


90,718 
69,567 
20,954 
4424 
5,000 
1,792 
7,620 
33,344 
885,939 
448,000 
2,050 
76,000 
7,800 

782 

3,200 
1,712,800 
6,933,405 


10,437,075 
£382,840 











| 
| 


| 
; 


1956 
Ib. 


4,480 


82,456 
400 
88,008 
141,765 
36,152 
3,176 
5,280 
5»712 
14,280 
23,940 
841,212 
419,200 
2,000 
44,000 
4,200 
3,200 
1,674,500 
6,517,800 


9,911,761 
£482,279 








1957 
ib. 
2,240 
89,352 


39,808 
129,510 
8,528 


75552 


4,104 
19,960 
562,010 
460,000 
62,000 
2,200 
2,005,003 
5,930,600 
168,152 





9,491,019 
£371,940 
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SOURCES OF STARCH IN COLONIAL TERRITORIES: II I9QI 


VISCOSITY CURVES OF STARCHES 
PREPARED FROM THE TWO 
VARIETIES OF ARROWROOT 
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Storage of Produce in the Gambia 


By D. W. HALi 
Pest Infestation Laboratory, Agricultural Research Council 


THE national income of Gambia’s population of about 240,000 is 
dependent on exports, of which groundnuts form about 97 per cent. 
Between 37,000 and 96,000 tons of groundnuts and 1,000-2,000 tons of 
palm kernels are exported annually). A considerable proportion of the 
territory’s agriculture is thus devoted to production of groundnuts in 
preference to food for local consumption. There has been an increase in 
the acreage of paddy but considerable quantities of rice are imported; 
wheat products (flour biscuits) imported from other territories are 
becoming a popular constituent of the food of the population. 

Since 1952, when the author first visited the Gambia, consideration 
has been given to the territory’s storage problems with groundnuts, 
especially to minimizing the losses caused by insect infestation. Thought 
is also being given to carrying out investigations into the quality and 
storage of imported rice and flour. The developments which have taken 
place are considered worthy of description and it is intended to publish 
a number of articles on this subject from the Pest Infestation Laboratory. 
This paper is the first of the series and outlines the territory’s storage 
problems and the developments in tackling them since 1952. Another 
article, appearing on pages 200-205 by A. A. Green, is concerned with 
experimental work on the control of insect pests of groundnuts in the 
Gambia. It will be followed by further papers on this subject. 


GROUNDNUTS 


Groundnuts are grown throughout the Gambia on small African farms 
and are handled for marketing by the Gambia Oilseeds Marketing Board 
(G.O.M.B.). 

After 1947-48, the quality of the Gambian groundnuts marketed in 
the United Kingdom were observed to be deteriorating. The nuts were 
shipped in bulk, without being shelled, and there was an obvious increase 
in the stowage factor (108-115 to 130-140 cu. ft. per ton) and a fall in 
the bushel weight (e.g., 20 lb. instead of 29-31 Ib.). This was attributed 
to poor soil, too early harvesting, and insect infestation. In 1951, the free 
fatty acid content (f.f.a.), calculated as oleic acid, of the oil of the nuts 
exported was high (up to 12 per cent. f.f.a.) and resulted in financial 
problems. The relative humidity of the atmosphere in the Gambia 
throughout the year varies between 20 per cent. and 95 per cent. and it 
was not possible, therefore, to attribute the f.f.a. increase to the effect of 
moisture. Previous work on groundnuts had shown that if groundnuts 
are not infested by insects the acidity of the oil should not exceed about 
0°3 per cent. f.fia. 

An attempt was made in 1952 to determine the quality of the crop. 
During drying in small stacks in the field, the groundnut plants were 
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heavily infested with a bug (Hemiptera) Aphanus sp. and with Gryllidae. 
Also, while the unshelled nuts were stored in large heaps, heavy infesta- 
tions (about 5 per cent. of the nuts damaged) of the Bruchid, Caryedon 
gonagra (F.) and light infestations of Tribolium spp., Oryzaephilus mercator 
(Fauv.) and Ephestia cautella (Wlk.) were observed. A large number of 
samples of the crop was collected, on a strict statistical basis, from several 
areas in the Gambia by the Department of Agriculture and sent to the 
United Kingdom for examination. This was carried out at the Tropical 
Products Institute and at the Pest Infestation Laboratory and the results 
have been published‘??), 

This work indicated that the Gambian crop was damaged by insects 
during the growing period in the soil and also during the storage period ; 
each of these types of damage resulted in a loss in weight of groundnuts 
(at least 3 per cent. or £90,000), a reduction in available oil (valued at 
up to £175,000), a reduction in available protein and, with nuts intended 
for seed, a loss in germinative power. 


Pre-Harvest 


Pre-harvest damage to groundnuts was studied over a two-year period 
(1956-57) by an entomologist from the Colonial Office ‘“‘Pool” of Agri- 
cultural Entomologists. This work indicated that direct injury by insects 
to groundnuts before harvest is not sufficiently important to warrant 
action by the growers; the bug Aphanus litteralis Dist. is of occasional 
importance but its damage is normally avoided by prompt threshing of 
infested material, bagging and removal of the nuts; rosette disease is 
important only at intervals of some years. (Wallace, personal communication.) 





Post-Harvest 


After threshing, the unshelled nuts are bagged in the field and either 
stored for seed or sold for export. 

Before 1950, the distribution of seed nuts was in the hands of the 
traders, but the farmers’ wariness of the trader resulted in the appearance 
of village seed stores to which farmers contributed. 

In 1950 the issue of seed was taken over by the G.O.M.B. and, in 
1951, the village stores were closed and the balance of nuts distributed. 
From 1950-1952 the G.O.M.B. registered every farmer who was also a 
compound owner and allowed a seed credit scheme whereby, if the 
farmers paid back seed borrowed from the G.O.M.B. in the proportion 
of five units for every four borrowed, each farmer could by the fifth year 
draw on the four units “banked ” in his name, without borrowing further. 
For the purpose of collecting and distributing seed, the G.O.M.B. set up 
16 large seccos (storage heaps) throughout the Gambia. In 1952 a new 
scheme was started. Five collecting stations were assigned to an Area 
Officer and at each station there was a selected trader, Government 
servant or a Native Authority official. The basis of the scheme was: 

(1) All nuts used for seed borrowed from the G.O.M.B. (which 
totalled 6,000 tons) were to be repaid in kind by 15th December, 
1952. 

(2) Quality was to be strictly controlled. Each bag of nuts was to be 
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sampled by pouring out a bushel of nuts into a measure which 
was provided at each station. The bushel weight was to be not 
less than 22 lb. A sample of 100 nuts was to be taken from the 
bushel of nuts and the percentage of defective nuts determined. 
If there were more than 5 per cent. of damaged nuts, the bag was 
returned to the trader or farmer to be hand-picked. All the nuts 
had to be put through a rotary screen, which was available at 
the collecting station. 

Between April and the beginning of June, 1953, seed was distributed 
by an improved system—four field officers started work in the upper river 
area where the possibility of rain is always much earlier than nearer the 
mouth of the river, then worked through McCarthy Island Division, 
Central Division and Western Division. 5,000 tons of seed were issued 
compared with 6,400 tons in 1952. Seed was weighed to exactly four 
bushels (112 lb.) per bag and each bag tied and sealed with a special seal. 
The seed was weighed and the bags sealed by Europeans. Each lorry 
carrying seed to the village was accompanied by a reliable representative 
of the village concerned. 

Post-harvest damage to the unshelled nuts was due to Caryedon gonagra 
(F.) and knowledge of the biology indicated two possible alternatives for 
controlling this insect: 

(i) Early decortication (except for seed nuts which are stored in the 
shell). 

(ii) Insecticides. 

Decorticated nuts are not readily attacked by this insect, but other species 
of insects, such as Tribolium spp. are known to breed in and cause 
deterioration in quality of shelled nuts. These scientific considerations 
therefore suggested that, if decortication were undertaken, it should 
preferably be on an experimental basis, in the first instance, and that the 
Caryedon problem should be tackled by the use of insecticides. 

World market considerations eventually (1955-56) necessitated the 
decortication of the export crop and the Oilseed Marketing Board 
established two large decorticating plants, one each at Kaur and Kuntaur. 
In addition, there were already two mills at Bathurst. Thus recommenda- 
tions to the Gambian authorities had to consider problems of infestation 
arising at these mills and, in the case of unshelled nuts, including those 
kept for seed, at other points throughout the territory. 

Between 1948 and 1954 nuts for seed were heavily treated with a dust 
consisting of a benzene hexachloride preparation diluted with sarf@ to an 
unknown extent. It was impossible to comment on the efficiency of this 
treatment in contrglling Caryedon gonagra (F.) but it was pointed out that 
in the case of seed it would seem unnecessary to dilute the insecticide 
with sand. 

Little precise information was avilable on the insecticidal control and 
on the biology of Caryedon on unshelled groundnuts, though there was 
little doubt that application of insecticidal dust would be a suitable 
method(*), 

Experimental work in the Gambia was necessary and an appropriate 
recommendation was made to and endorsed by the Gambian authorities. 
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Mr. A. A. Green of the Pest Infestation Laboratory carried out experi- 
ments in the Gambia during 1954-55 and made detailed recommenda- 
tions on the treatment of undecorticated nuts with lindane dust. This 
work which effected control of the Bruchid pest is the subject of other 
papers in this series. Arising out of the recommendations made by Green, 
the Gambian authorities eventually agreed to appoint a Pest Control 
Officer to be responsible for the instruction of farmers, etc., in carrying 
out the insecticidal treatment recommended and for effecting improve- 
ments in stores and hygiene. This officer is able also to continue exper- 
ments on the problem, one recent aspect of which is the use of aluminium 
silos for groundnut seed storage. (Rynehart, personal communication.) 
Research on general groundnut problems is undertaken at an experi- 
mental farm at Yundum and one facet of the work which has a bearing 
on insect pests after harvest is the effect of varietal differences in the 
susceptibility of groundnuts to attack by Caryedon gonagra (F.) 


OTHER PRODUCE 


Palm kernels and hides and skins are exported, and the principal crops 
for local consumption are rice, sorghum and millet (Pennisetum spp.), 
cassava, maize and legumes. The total monetary value of these products 
is considerable, being of the order of £700,000 and the importance of 
employing qualified staff to ensure that the quality of such produce is not 
allowed to deteriorate through improper handling is readily realized. 
The employment of knowledgeable staff on commercial aspects of this 
problem is necessary but, equally important, is the need to support this 
staff with technical officers. Specialists are available in the Department 
of Agriculture and in the Medical Department but the problems of 
dealing with growing crops and with well-recognized human diseases are 
so numerous that the staff of these Departments normally have little time 
to extend their interests. 

The appointment of a Pest Control Officer concerned with post- 
harvest problems is an important investment for the Gambia, by means 
of which advice and help can be obtained within the territory and a 
steady advance made in maintaining the quality of produce and the 
hygienic standards of the territory. 

The market in Bathurst is clean and tidy in its layout. Commodities 
available are in saleable quantities, not in large, unhygienic dumps and 
the produce is displayed on concrete counters which are regularly washed. 
Produce such as bread is displayed in wire mesh. These are advances on 
market conditions in some other countries. 


Palm kernels 


Palm kernels are the second biggest export, about 2,000 tons being 
the annual amount exported. In assessing quality emphasis is placed on 
dryness, hardness, soundness and impurity content such as shell, fibre, 
fluff, sand, stones and mouldy or decayed kernels. 

The moisture content (dryness) of the kernels is of major importance 
but normally it is not accurately determined and no maximum moisture 
content at time of purchase is laid down. Since there may be a moisture 
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content threshold above which micro-organisms on the kernels multiply, 
heating will result which may, in itself, cause drying out. Thus, unless 
the moisture content of the palm kernels is known, and is controlled, 
serious loss in weight may result through drying out or loss of oil. 
Experience in the Gambia has indicated that natural drying of the 
kernels takes place and is such that loss during storage and shipment is 
very small. : 

A moisture meter, the ScotMec Oxley Moisture tester, which was 
originally designed for recording the moisture content of bagged maize, 
has recently been tried in West Africa for its suitability with palm 
kernels. Encouraging results have been obtained and it is considered by 
certain commercial interests to be a useful meter for segregating bags of 
palm kernels which are “‘wet”’ from those which are considered “dry”’. 
The moisture tester is operated by pushing its steel nine-pronged head 
into the bag of kernels, turning the handle of a suitable ““megger” which 
is connected to the head, and reading the moisture content on the dial 
of the “‘megger”’. 

Insects and mites are normally present on palm kernels and species 
such as Necrobia rufipes (Deg.), Ahasverus advena (Waltl.), Araecerus fascicu- 
latus (Deg.), which also attack other produce can spread from palm 
kernels on to other produce and so be a serious source of cross-infestation. 
Attempts to improve hygienic standards in international trade will only 
be successful if all territories minimize the spread of infestation throughout 
the world. 

Rice 

Among the principal food crops grown, the most spectacular increase 
in local production has centred upon swamp rice. This commodity is the 
staple diet of the population and, in addition to local production, there 
are imports (valued at £486,000 in 1957) from territories such as Saigon, 
Siam and South America. 

The paddy crop matures fully in the field amd is harvested by hand. 
Paddy is stored on the head (unthreshed) or threshed in bags in the 
dwelling houses. After various storage periods it may be taken to a few 
traders who possess planters’ mills or it may be pounded and winnowed 
by the villagers themselves. At present there is no parboiling of rice, 
and since there may be a local tendency to overmill, the nutritive value 
of the rice consumed is not as high as it could be. A survey of the insect 
problems of stored paddy and rice has not been carried out Gnd little 
factual data is available. 

A Gambian rice farm came into being in 1948 and has facilitated 
experiments on many aspects of paddy and rice problems. These have 
included methods of drying, storage and milling. 

At the experimental farm the paddy is combined and transported in 
bags to the drying floor. Drying is effected either by spreading the paddy 
on the drying floor for two days or by stacking the bagged paddy in the 
open for one to three days. The paddy is then stored in buildings (with 
cement brick walls, concrete floor and asbestos roof) in 30-ton heaps or 
in aluminium silos of 20 and 100 tons capacity. Problems associated with 
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the former method of storage have been due to rodents and insects and, 
with the latter, to insects and condensation. With the aluminium silos, 
where there is a large expanse of unbroken metal, the paddy became hot 
and discoloured. This was most probably due to condensation and there 
are two possible predisposing causes: 

(1) High moisture content in the paddy, resulting in a high relative 
humidity in the intergranular air: this means that small changes 
in surface temperature cause dew formation very readily. 

(2) “Self-heating’” of the contents of the bin which results in a 
sustained difference in temperature between the bulk and the 
silo walls. This heating might be due to infestation by insects or 
to high moisture content which causes high respiration rate in 
both grain and fungi. 

It can be seen, therefore, that high moisture content of produce is 
objectionable. The question of what is to be regarded as a “high” level 
for paddy is difficult because so much depends on climate. It has, how- 
ever, been stated that 15 per cent. moisture content must be regarded as 
dangerously high and 13 per cent. is the reasonably safe upper limit. 

Metal is a good conductor of heat and ordinary exposure of a metal 
bin’ to the sun on one side and to coolness (e.g., from shade or wind) on 
the other would result therefore in a sustained temperature gradient and 
condensation on the cool side. 

Little work has been carried out at the farm on the insect problems of 
storage but a recent visit by a member of the Colonial Pool of Stored 
Produce Specialists indicated that Tribolium castaneum (Herbst.) and 
Rhizopertha dominica (F.) were infesting paddy stocks (Prevett, personal 
communication). The level of infestations at the time the stocks were 
inspected was very low and it may be that there is little loss from insect 
pests. The moisture content of the paddy is stated to be of the order of 
II per cent., at which level insect development is retarded. It must be 
remembered, however, that combine harvesting of paddy causes partial 
removal of part of the husk, thus exposing the susceptible rice grain to 
direct attack by insects. 

When paddy for seed is being stored it is especially important to solve 
these problems. 

Rice imported into the Gambia arrives in bags which are stored in 
a variety of buildings in Bathurst. The quality of rice at time of import 
is a factor which is not always carefully scrutinized and close attention 
should be given to it. Quality can be judged by odour, colour, breakage 
of rice grains, amount of dust present, thiamine value, and the level of 
insect infestation, and inspection should be based on a determination of 
these factors. 

Rice is readily attacked by a variety of insects and heavy infestations 
have been found on imported rice. Trogoderma granarium Everts., a pest 
which is difficult to control, was imported in very large numbers into the 
Gambia on rice. (Rynehart, personal communication.) Before this, it was 
believed that 7. granarium Everts. was not present in the Gambia. 

Four conditions must be satisfied to store milled rice without loss: 

(a) The rice must be dry when it goes into store. 
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(b) Damp conditions in store must be completely prevented. 
(c) Insect infestation must be controlled. 
(d) Birds and rodents must be excluded. 

The dryness requirement for rice in the Gambia is not precisely 
known but, for reserve storage, a provisional moisture level of 11-5 per 
cent. should be adopted. Determination of the moisture content can be 
made conveniently only by using a moisture meter. The ScotMec Oxley 
moisture tester already referred to enables this measurement to be made 
in every bag and should therefore be used at all major stores. 


Cowpeas 


Locally grown cowpeas (Vigna spp.) are a valuable source of nutrients 
but their food value is decreased by the degree to which they are infested 
during storage. Heavy infestations of Callosobruchus maculatus (F.) and 
light infestations of Tribolium confusum J. du V. were seen on cowpeas on 
sale in the local markets. 

The recent technical meeting in Bukavu, Belgian Congo, on “Legumes 
in Agriculture and Human Nutrition”, held by the Food and Agri- 
cultural Organisation of the United Nations stated that, “there is good 
evidence that increased consumption of suitably prepared legume pro- 
ducts could improve the nutritive value of many African diets, both as 
to the level and balance of nutrients. Expansion of the use of legumes 
should be effected with proper consideration for traditional practices, 
food preferences and relevant agricultural and economic considerations’. 
The importance of maintaining the nutritive value of cowpeas by 
preventing deterioration in storage therefore can be appreciated. 

The beetles which attack cowpeas in store are readily killed by certain 
contact insecticides and if mixture of the cowpeas with insetticidal dust 
can be carried out at an early stage after harvest, damage will be 
negligible. A successful treatment is 6 oz. of 0-05 per cent. lindane dust 
mixed with 200 lb. of cowpeas. 


SUMMARY 7 


The major problems of storing produce in the Gambia are outlined. 

The quality of groundnuts is referred to and the steps taken to effect 
improvement during the past seven years are indicated. The territory’s 
problems with pa!m kernels, paddy, rice and cowpeas are stated. 
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The Control of Insects Infesting Groundnuts 
after Harvest in the Gambia 


1. A Study of the Groundnut Borer 
Caryedon gonagra (F.) under Field Conditions 


By A. A. GREEN 
Pest Infestation Laboratory, Agricultural Research Council 


SUMMARY 


Tue behaviour and life-history of the Groundnut borer, Caryedon gonagra 
(F.) has beén investigated under natural conditions in the Gambia. The 
initial infestation occurs at some stage shortly after harvest. Beetles which 
had survived the rainy season were found in village and traders’ stores 
and in old sacks. The insect was shown to live and breed only within a 
few inches of the surface of a bulk of nuts. A complete life-cycle appeared 
to take five to six weeks. Possible methods of control are discussed. 


INTRODUCTION 


An investigation by Hall (see pages 193-199) showed that the Gambian 
groundnut industry suffered serious losses as a result of infestation of the 
crop by insects. Much of this damage was shown to occur after harvest 
when about five per cent. of the total crop became infested with the 
Groundnut borer, Caryedon gonagra (F.). Arising out of this enquiry, and 
at the request of the Gambian Government, the Pest Infestation Labora- 
tory (P.I.L.) undertook an investigation into the control of insects 
infesting the groundnuts during the period of storage between the 
harvesting of the crop and its export. Similar problems had been reported 
from French West Africa where Appert') found that stocks of groundnuts 
became unmarketable after three generations of the insect had developed. 

The author visited the Gambia for three months during the winter 
of 1954-55 and for one month during 1956 to determine the extent of 
the problem and to carry out insecticidal trials. Observations on the trials 
were extended considerably beyond these periods with the help of Mr. 
H. Bailey, Agricultural Officer of the Department of Agriculture and, for 
a short period, that of Mr. C. R. Wallace, Colonial Office Entomologist. 
In addition, about five tons of samples were consigned to P.I.L. for 
laboratory examination. 

This paper is concerned only with field studies on the habits and 
life-history of C. gonagra; other aspects of the work will be dealt with in 
subsequent papers. The specific name, Caryedon gonagra (F.) as defined 
by Southgate and Pope‘), is used throughout this paper although various 
other names occur in the literature quoted in the text. 
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Pate II. Bagging groundnuts after threshing in the field 


[facing page 200 


PLATE III. A small trader’s secco of groundnuts 


Piate IV. A large secco of groundnuts awaiting decortication 


facing page 201) 
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A summary of information on C. gonagra, by Davey‘), shows that 
relatively little is known about its habits and life-history in the field and 
particularly about the conditions under which it survives the rainy season 
and infests the new season’s crops. 


FIELD STUDIES 
General 


Observations covered all stages from the drying of the crop in the 
field to export from the quayside. Inspections of nuts and/or stores were 
made at the following places: Bathurst, Kanifin, Brikama, Sukuta, 
Tendaba, Kwinella, Genieri, Masembe, Sankwia, Bai Tenda, Balingho, 
Pakali Ba, Kaur, Illiassa, Kudang, Kuntaur, Kerewan, Georgetown, 
Wallikunda, Yoro Beri Kunda, Bansang, Diabugu, Sutuko and Basse. 

The groundnut plants are normally harvested early in November and, 
after drying in small stacks (Plate I) are threshed and bagged in the field 
(Plate II). Apart from the nuts put aside for seed, almost ail of the 
remainder of the crop is then sold and is ultimately exported. 

Seed. From 1950 to 1956, all nuts intended for seed were stored and 
distributed under the system operated by the Gambia Oilseeds Marketing 
Board (G.O.M.B.) as described by Hall (page 194). Under this system 
seed nuts were repaid by the farmer at the beginning of December, before 
the trade season opened, stored in large heaps (seccos) by the G.O.M.B. 
and redistributed in time for planting during May and June. By this 
system, nuts from any one secco were liable to be distributed to any part 
of the Gambia. There was evidence that the scheme contributed to the 
spread of C. gonagra infestations from heavily infested areas to previously 
uninfested ones. 

From 1956 onwards, farmers were encouraged to save their own seed 
and the seed distribution scheme is being gradually discontinued. The 
seed is now stored in the farmers’ compounds and is usually kept, un- 
shelled, in bags. During this period C. gonagra may become so active as 
to destroy the germinative power of the stored seed completely and so 
jeopardize the following year’s crop. 

Nuts Intended for Sale. Once threshed, the nuts not reserved for seed 
are usually sold by the farmer within three or four weeks, i.e., in December 
or January. They then pass through the hands of traders and/or buying 
agents before being exported, either in shell or after decortication. 
During this period, which may be from one to four months, they are 
stored in seccos ranging in size from a few tons (Plate III) to about 
4,000 tons (Plate IV). 

Up to 1955, almost all the groundnuts exported were undecorticated. 
Large transit seccos were therefore built near the banks of these parts of 
the river navigable to ocean-going shipping. Shipment usually began in 
January and was organized so as to clear the crop by the end of April 
before the rains came. Some of the crop was, therefore, left in seccos for 
about four months and during this time infestation by C. gonagra developed 
to serious proportions. 

In 1955, however, large-scale decorticating machinery was introduced 
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at Kaur and Kuntaur and, by 1956, conditions had been reversed in that 
almost all the exported groundnuts were decorticated. The machines are 
able to decorticate the entire season’s crop by working continuously from 
January to April. It follows, therefore, that the introduction of large-scale 
decortication has not materially altered the situation with regard to 
C. gonagra attack since groundnuts are stored in seccos for about the same 
period of time as previously. 


SOURCES OF INFESTATION 


A general picture of the sequence of infestation was built up in the course 
of four tours of the territory between December, 1954, and March, 1955. 

It was widely believed in the Gambia that nuts became infested in 
the field stacks but, although a great number of stacks and newly-threshed 
nuts were examined, only three nuts were found which might have been 
damaged by C. gonagra and no definite infestation was found. Wherever 
reports of infested stacks were followed up, heavy infestations by the bug 
Aphanus sordidus (F.) were found, and it seemed likely that some confusion 
existed. Wild leguminous plants growing in and around the groundnut 
fields were also examined but C. gonagra was not found. Recently, 
becoming infested in the field. 

During inspections made in December, immediately before the open- 
ing of the trade season, live beetles of C. gonagra were found in traders’ 
empty sacks and in village food-stores and huts. It was apparent that 
many insects had survived the rainy season by breeding in the groundnuts 
and groundnut debris in the villages and in the overlooked nuts left in 
the bottom corners of the traders’ sacks. The sacks were commonly issued 
by the traders to farmers for the transportation of the crop to the seccos 
and all the infested village stores were near to a secco or to groundnuts 
awaiting transport to one. 

The first infestation of the new season’s crop probably occurred at this 
stage. Certainly, groundnuts which were kept in the villages for some time 
bore higher infestations than those delivered directly to the seccos from 
the fields. Furthermore, nuts intended for sale which had been delivered 
in previously-used bags became infested more quickly and more heavily 
than seed nuts which had been delivered in new bags issued by the 
G.O.M.B. 

No other widespread source of infestation was found. Some beetles 
were found in small samples of nuts held by both the G.O.M.B. and the 
Department of Agriculture and overlooked since the previous season, but 
these were of minor significance. 

By the third week in January it was possible at most seccos to find a 
few damaged nuts, from which adults had emerged, but no infested nuts. 
Although beetles could be found only near the surface, the damaged nuts 
were distributed fairly evenly throughout the heaps. Later experiments 
and observations showed that breeding occurred only among the surface 
nuts. It was reasonable to suppose, therefore, that there had recently 
been a general emergence from nuts which were infested before reaching 
the secco and that the adults had migrated to the surface. At Sankwia, 
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however, the infestation was a littlke more advanced and scme surface 
nuts were infested with young larvae. Examination of nuts in bags and 
indoor stores, where adults had not been able to escape, confirmed that 
there had been a recent emergence. 


BREEDING HABITS OF THE BEETLE 


C. gonagra is essentially a pest of undecorticated groundnuts and achieves 
economic importance only where the crop is stored in shell for some time. 
It is quite common to find decorticated nuts infested but all such 
occurrences seen in the course of this investigation have undoubtedly 
resulted from the decortication and bagging of nuts containing pests at 
pre-adult stages. Under these circumstances, the larvae feed and develop 
normally and, when fully grown, usually migrate to the outer surface of 
the sack. If the sack is in a relatively cool and shaded place, the larvae 
will then pupate with the pupal case firmly attached to the outside of 
the sack. If, however, the bags are exposed to hot sunshine or otherwise 
become overheated, the larvae migrate and will attach themselves to 
other sacks or to walls, wood, etc. A large stack of bagged, decorticated 
nuts, exposed to the full sun, was kept under observation at Bathurst and, 
at one stage, there was a steady fall of larvae from the side of the stack 
so that the ground in the vicinity was covered with crawling larvae. 
Such migrations are not normal, however, and are brought about by 
local, unfavourable conditions. 

Although, under the conditions described, C. gonagra will successfully 
complete its life history, the beetle does not normally reinfest decorticated 
nuts. In the course of various experiments, over 40 tons of bagged, 
decorticated nuts were stored for 16 weeks during the period of maximum 
Caryedon activity. Although, when bagged, these nuts were lightly infested 
with pre-adult stages of C. gonagra, which developed normally and sub- 
sequently pupated on the outsides of the sacks, there was no evidence of 
reinfestation and no nuts were infested at the end of the storage period. 

It seems likely that, in practice, C. gonagra is‘tnechanically prevented 
from breeding on decorticated nuts. Davey ©) suggests that the closely- 
woven bags give protection from C. gonagra and the author’s observations 
tend to confirm this. Furthermore, adults usually shelter from excessive 
heat and low humidity by burrowing, during the day, among the 
loosely packed nuts from three to nine inches below the surface of a secco 
and come to the surface only at night. They appear to be quite unable 
to move in this way among a bulk of decorticated nuts. The observations 
of Prevett'*) support this view. Although Howe'5) found heavy infestations 
of C. gonagra on shelled nuts stored in bulk at Yola, Nigeria, it is under- 
stood (Howe, personal communication) that the insects could live and breed 
entirely on the surface because the nuts were stored in humid conditions 
and were sheltered from the direct heat of the sun. 

Preliminary laboratory experiments, using only a few pounds of 
undecorticated nuts, had shown that, although the beetles preferred to 
come to the surface for copulation and oviposition, they could continue 
to breed if confined below the surface. There remained, therefore, the 
possibility that the beetles would breed when buried deeply in a secco, 
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This possibility was investigated in the course of other experimental 
work when open-mesh string bags, each containing about 14 lb. of nuts, 
were buried at depths of about 1 ft., 3 ft. and 4 ft. 6 in. beneath the 
surface of six large heaps, each containing approximately 15 tons of 
groundnuts. The nuts used for the heaps and in the bags were lightly 
infested (less than one per cent.) with C. gonagra at the beginning of the 
experiment. 

After four months, infestations had developed among the surface nuts 
of each heap but, in the bags buried 3 ft. and 4 ft. 6 in. beneath the 
surface, there were no live insects and there had been no increase in 
damage to the nuts. As a result of movement of the surface nuts, associated 
with settling of the heap and interference by birds and animals, few of 
the bags originally buried 1 ft. beneath the surface were deeper than 6 in. 
Despite this, however, very little breeding had occurred. In one heap, 
although 95 per cent. of the surface nuts were infested with eggs and 
59 per cent. were damaged by C. gonagra, the samples taken from 6-12 in. 
oe the surface had only 3 per cent. infested with eggs and 1-8 per 

ent. damaged by C. gonagra. 

It is apparent, therefore, that under natural conditions, the insect 
lives and breeds only within a few inches of the surface of a bulk of 
groundnuts although Giard‘*) reports that it can live up to 50 cm. 
(approx. 20 in.) beneath the surface of a heap. 

As a general rule, large heaps appeared to be more heavily infested 
than small ones. This is to be expected if the initial infestation originates 
from infested nuts in the bulk delivered to the secco and emerging adults 
then make their way to the surface to live and give rise to successive 
generations. Since, with an increasing quantity of nus, the ratio of 
surface area to bulk decreases, it follows that the density of the surface 
population will be greater in the larger heaps. Despite the apparently 
heavy infestations, it is probably better to store in large seccos since, with 
increasing size, a greater proportion of the nuts are beneath the surface 
and therefore protected from Caryedon attack. 

Life-cycle. In the course of the investigation, some Caryedon beetles could 
be found at almost all times but there appeared to be certain periods when 
marked increases in the adult population were noticeable and many newly 
-emerged beetles could be found. It is estimated that these occurred within 
a week of the following dates: 18th January, roth March and 15th April. 
This indicated that the life-cycle, under field conditions, took five to six 
weeks and that the initial infestation occurred, therefore, during the second 
week in December, i.e., at about threshing and bagging stage. At this rate 
of breeding there could be four or five generations during the dry season. 

Published information indicates a longer life-history period. Appert') 
gives two months, de Jonghe D’Ardoye'’) two to three months, and 
‘Giard(®) two months. 


DiscussION 


‘The observations made in the field on the behaviour and life-history of 
C. gonagra, should be of considerable value in devising both mechanical 
and chemical control measures. 








a cennean 


CONTROL OF INSECTS INFESTING GROUNDNUTS 205 


Clearly, the first aim should be to reduce the likelihood of initial 
infestation. This could be effected by disinfesting village and traders’ 
stores during the rainy season and by ensuring that only new or dis- 
infested sacks were used to transport the new crops. 

It would be advantageous to concentrate the crop as quickly as 
possible into a small number of large seccos since, with these, a greater 
proportion of the nuts is beneath the surface and, consequently, protected 
from infestation. Furthermore, it is easier to exercise supervision on 
control measures when the crop is concentrated into fewer sites. 

Since the beetles must come to the surface of a heap for copulation and 
oviposition, they may be relatively easily controlled if a layer of suitable 
insecticide is maintained over the outside of the secco. The high cost and 
considerable mechanical difficulty of admixing an insecticide with the 
bulk of nuts can thus be avoided. Furthermore, heavy local deposits 
of insecticide can be used which, when related to the total bulk of nuts, 
represent very low mean concentrations. 

The protection of nuts intended for seed from insect attack is vitally 
important. It should constitute no serious difficulty since, with small 
quantities of nuts which are not intended for human consumption, 
admixture of insecticide becomes practicable and relatively heavy dosage 
rates can be used. 

‘Field trials of various control measures will be described in a 
subsequent paper. 
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The Germination of Food-Crop Seeds Stored 
in Contact with Lindane and DDT Dusts 


By E. A. PARKIN and Enrp I. C. Scorr 
Pest Infestation Laboratory, Agricultural Research Council 


SUMMARY 


SrEDs of maize, beans, groundnuts, and rice were dusted with up to 
100 parts per million DDT or 40 parts per million lindane and stored in 
closed jars at about 22°C. Samples withdrawn after four and a half, nine, 
and 18 months showed no reduction in percentage germination attri- 
butable to the treatments. Examination of seedlings similarly revealed 
no major changes in growth. 


INTRODUCTION 


Seeds often need to be protected against insect attack during storage, 
particularly in tropical climates where the potential level of infestation 
is high. Knowledge already available about the efficacy of such well 
known insecticides as DDT and lindane in protecting seeds intended for 
human and animal consumption, e.g., grains and pulses, indicates that 
during storage relatively small doses should suffice. However, insecticide 
would have to be in contact with the seed for the full period between 
harvest and sowing—about nine months—and might show phytotoxicity. 
Information on the effects of insecticides on the germination of seeds so 
stored is scanty and the effects are not necessarily the same as those 
occurring when heavy doses of insecticides are in contact with seeds for 
a relatively short period, as with dressings for the control of soil insects. 
The determination of phytotoxicity is complicated by the dependence of 
the severity of symptoms upon the technique used in the germination 
studies: germination in water tends to reveal much more serious effects 
on the seed and seedling than germination in sand which, in turn, reveals 
more serious effects than germination in soil. 

General experience indicates that mixture of seeds with about 50 parts 
per million DDT will give practical protection against insects; this dosage, 
in contact for up to 12 months, should have no deleterious effect on 
germination(!?3), Protection should similarly be obtained with about 
10 parts per million gamma-BHC, Cavazza() has reported no ill effect 
on germination of 150 parts per million BHC (presumably about 20 parts 
per million gamma-BHC) in contact with wheat for four months but 
Srivastava'*) found a reduction in germination, though little difference 
in root development of wheat, with 78 parts per million lindane for four 
months. Schwester‘>) found 5 parts per million lindane harmless to beans 
during six months storage; a similar result being obtained by the West 
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African Stored Products Research Unit(®) with 5-5 parts per million 
lindane in contact with unshelled groundnuts for four and a half months. 

The present investigation was therefore directed towards determining 
what effect on germination of several kinds of food-crop seeds would 
follow the application of somewhat greater doses of DDT and lindane 
than were probably needed for good protection against insect attack. 
Storage was continued for up to 18 months under conditions favouring 
action of the insecticide on the seed. 


TREATMENT OF SEEDS 


Maize, beans, and groundnuts were chosen for the tests as they are seeds 
of major importance and represent the main classes of cereals, pulses, 
and oil-seeds: rice was included as a fourth important seed. South 
African white, dent maize and Chilean Arroz haricot beans were 
obtained from commercial sources and were of unknown age. New seed 
groundnuts in shell and seed rice were obtained from the Gambia. Some 
delay occurred in getting a suitable supply of rice seed, and tests on this 
material therefore became out of phase with the rest of the tests. Three 
periods of storage were arbitrarily chosen—four and a half, nine and 
18 months. Allowing for a small excess, the maize, beans and groundnuts 
were treated in 2 kg. units and the rice in 400 g. units. 

Dusts were prepared on a kaolin base to contain 1 per cent. or 
4 per cent. lindane or 10 per cent. DDT, the insecticide being applied in 
solution in benzene which was then slowly evaporated with frequent 
stirring. 

One unit of each type of seed was kept as a control but, because a 
light insect infestation was detected in some of the material, about 
0-5 per cent. by weight of a 1 per cent. pyrethrum dust (ground flowers) 
was added to eradicate this infestation. Four other units of each seed 
were dusted respectively with the 1 per cent. lindane dust to give 10 parts 
per million lindane; with the 4 per cent. lindane dust to give 40 parts 
per million lindane; and with the 10 per cent. DDT dust to give 50 and 
100 parts per million DDT. To secure uniform coating the seeds and 
insecticidal dust were rotated together in glass jars on mechanically 
driven rollers for 30 minutes. The seeds were then stored in tightly 
stoppered glass jars at room temperature (average about 22°C.). The 
groundnuts were treated and stored in their shells. 


» 


GERMINATION TESTS 


At the sampling times, 500 g. of maize, beans or groundnuts and 100 g. 
of rice were withdrawn from the jars and sent in sealed polythene bags 
to the Official Seed Testing Station, Cambridge, for germination tests. 
These were conducted as follows: 

Maize. Six replicates of 25 seeds were buried half an inch deep in 
specially prepared sand at 50 per cent. of water-holding capacity, in 
aluminium pots with loose lids. The seeds were germinated in the dark 
for eight h. at 30°C. (including the period of temperature change) and 
for 16 h. at 20°C. ; the final count was at seven days. 
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Beans. The tests were carried out as for maize, but at a temperature of 
18-19°C.; the final count was at nine days. 

Groundnuts. The kernels were removed from the shells and then treated 
as for maize, but with eight replicates of 25 each; the final count was at 
10 days. 

Rice. Four replicates of 100 seeds were germinated on filter papers with 
wicks on Copenhagen tanks. The seeds were germinated for eight h. at 
30 C, in daylight supplemented with artificial light (including the period 
of temperature change) followed by 16 h. at 20°C. in the dark; the final 
count was at 14 days. 

A preliminary test of the seeds before insecticidal treatment showed 
that all were satisfactorily viable. 

On completion of the 18-month storage period, a supplementary 
germination test was carried out at the Pest Infestation Laboratory, 
mainly to ascertain whether the residue of insecticide on the seeds would 
affect the seedling root growth in soil, although percentage germination 
might still be satisfactory. Seed boxes, 18 in. by 12 in., were filled to a 
depth of two and a half inches with a heat-sterilized mixture of equal 
parts of sharp sand and loam. Each box was sown with 40 seeds repre- 
senting a single treatment and was kept in a warmed, but not temperature- 
controlled greenhouse. 


RESULTS 
(a) Percentage germination 


The results of the germination tests made by the Official Seed Testing 
Station are shown in Table I (page 211). 

After storage for four and a half and nine months, the test results 
clearly show that none of the insecticidal treatments had any deleterious 
effect upon the percentage germination of the four varieties of seeds: the 
data are, in fact, remarkably consistent. After storage for 18 months, 
there are again no signs of any effect of the treatments upon germination 
which would be of practical significance. The slightly lower germination 
figures and the presence, especially in the maize, of a number of weakly 
plants are what would be expected of old seed, the seeds by this time 
being at least two years old. The Official Seed Testing Station commented 
that these weakly seedlings were “‘plants which are so lacking in vigour 
that, although they are otherwise normal, we consider them unlikely to 
give a mature plant in the field”. 


(b) Effect on root growth 


The test at the Pest Infestation Laboratory after the completion of 
the main experiment involving 18 months storage was done in very cold 
weather during February and March, 1958. Trouble was experienced 
with the greenhouse heating which resulted in uneven heating of the 
boxes of germinating seeds and made the rate of growth partly dependent 
on the position of the boxes and on the positions of the seedlings within 
a box. Direct comparisons of growth of seedlings was therefore not possible. 
Although the root weight is not a constant proportion of the total weight 
of seedlings during growth, it was considered that the average values for 
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this ratio for the boxes of a particular kind of seed should be reaonably 
comparable and that this comparison, in company with visual observa- 
tion, should reveal any major effect of the insecticidal dust treatment 
upon seedling growth. When the seedlings were thought to be of a suitable 
size, the soil was very carefully washed out of the boxes; the seedlings 
were given a second wash in the laboratory to ensure freedom from 
adhering particles of sand and soil; after drying on blotting paper, the 
plants were weighed individually ; the roots were then cut off and weighed. 
All plants were included in the root weight ratio except the very few 
which produced no cotyledons, or had defective leaves. The results of the 
test are given in Table II (page 211). 

The percentage germination data are not quoted, because it was not 
possible to use the same subjective judgement as at the Official Seed 
Testing Station concerning what constituted a weakly seedling. However, 
the total percentage germination, including the weakly seedlings, was 
equal to that at the Station for maize and beans, slightly better for 
groundnuts, and slightly poorer for rice. 

Statistical analysis of the data was not undertaken because inspection 
showed that there were no major changes in growth ascribable to the 
insecticidal treatment. The more variable figures with rice may have 
been caused by the falling germinative capacity of the seed with increasing 
age’ and by greater errors in drying and weighing the very light and 
fragile plants. 


DISCUSSION 


The results of the germination tests after a storage period of nine 
months have the main practical interest, since this is the maximum period 
usually to be expected between harvest and the next sowing. There was 
no evident effect of the insecticidal treatment upon the germination at 
this time. Even after 18 months storage no effect was observed that could 
definitely be ascribed to the insecticides and was likely to be of practical 
importance, although there was a tendency, especially with maize, for 
the production of a larger number of weakly seedlings from the treated 
seeds. Several influencing factors should be borne in mind here. Firstly, 
the maize and beans were of unknown age when obtained and they must 
have been older seeds than the groundnuts or rice. Moreover, the Official 
Seed Testing Station commented that, in the case of the maize, it was 
very hard to know where to put the dividing line between weakly and 
fairly vigorous growths and that there was nothing to indicate that the 
weakness was due to anything but old age. The presence of insecticide 
may, of course, have amplified this basic effect of age. Secondly, the 
conditions of storage in stoppered jars would probably have favoured 
deleterious action of the insecticides on the seed by maintaining high 
vapour concentrations. Thirdly, the standard germination tests were 
done in sand or on filter paper, circumstances which are known to 
disclose any adverse effects of treatment much more readily than germina- 
tion in soil. 

The influence of the moisture content of the seeds upon their suscepti- 
bility to deterioration when mixed with insecticides was not studied. The 
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seeds used in the present tests-were “air-dry” at the start and their 
moisture contents were not measured. At the end of the work the moisture 
contents, determined by grinding, and heating at 113°C. for four h. 
were—maize 10°3 per cent., beans 10°2 per cent., groundnuts (kernels) 
4°7 per cent., rice 8-g per cent. There is no doubt that the rather dry 
conditions of storage would have induced a slow fall in moisture content 
from the start. 

It appears reasonable to conclude that, with the exception of seeds 
that may be found to be unduly sensitive to insecticides, most newly 
harvested dry seeds may safely be dusted with up to 40 parts per million 
lindane or up to 100 parts per million DDT under normal conditions of 
storage for 18 months. For the practical preservation of seeds against 
insect infestation during storage one-half or less of these doses should 
usually be adequate. 
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THE GERMINATION OF FOOD-CROP SEEDS 2iI 
TABLE I 


Percentage germination of maize, beans, groundnuts and rice after storage in 
contact with lindane or DDT dusts 





Maize Beans Groundnuts | Rice 


She en 87 





7 
Before treatment . 93 . 92 92 


Storage period (months) 























Treatment . «1 a) ois 44 | g | 18 44 | 9 | 18| 44] 9 | 18 
Control F - | 88 | 94 | 87 (5)* | 95 | 96 | 93 go | 88 | 88 | 81 | 8g | 81 
10 parts per million 

lindane . - | 93 | 97 | 87 (9) | 98 | 98 | 94 86 | 86 | 82 84 | 91 | 80 
40 parts per million | 

lindane - | 95 | 97 | 84 (12) | 95 | 99 | 96 92 | 92 | 85 | 78 | 92 | 79 (1) 
50 parts per million 

DDT ._ «| 94/95 | 89(7) | 95 | 96 | 87 (1) | 90 | 89 | 86 | 84 | 93 | 81 (1) 











| | 
| | 





100 parts per 
million DDT | 91 | 97 | 78 (14) | 97 | 99 | 91 (1) | go | 88 | 86 | 81 | gt | 8x (1) 





























* Figures in brackets are percentages of weakly growths, not included in percentage 
germination. 


TABLE II 


Comparative weights of seedlings after the completion of the 18-month storage 
period in contact with lindane or DDT dusts 
































Seedlings 
Seeds Treatment Average whole | Average ratio 
weight | root/whole 
g. | sper cent. 
Maize . . | Control ; 2 : : ‘S31 35°6 
| 10 parts per million lindane . 2-82 30°! 
40 parts per million lindane. | 2°77 31°4 
| 50 parts per million DDT ; 2°74 32°1 
| 100 parts per million DDT . 3°04 24°0 
Beans . . | Control . : ; , 2-40 25°0 
| 10 parts per million lindane. 1-76 24°4 
40 parts per million lindane . 1-67 28-7 
50 parts per million DDT ‘ 1-94 29°2 
100 parts per million DDT. 2°22 28-3 
Groundnuts . Control % ‘ ; ; 1°77 20°3 
| 10 parts per million lindane . 2°23 | 17°5 
40 parts per million lindane . 1-98 21-7 
| 50 parts per million DDT : 1-79 | 21-2 
100 parts per million DDT 2°45 21-6 
Rice. > | Control ; : ; ; 0-067 | 11-2 
10 parts per million lindane. 0-071 8-5 
40 parts per million lindane . 0°053 7°6 
50 parts per million DDT ; 0-099 11°! 
100 parts per million DDT. O°105 48 ° 




















REPORTS OF RECENT INVESTIGATIONS AT 
THE TROPICAL PRODUCTS INSTITUTE 


Wild Sesame Seed from Kenya 


By J. A. Corne ius, W. D. RayMmonp and J. B. Warp 


THE sample which forms the subject of this report was submitted at the 
request of the Institute by the Chief Research Officer, Department of 
Agriculture, Nairobi, Kenya. He stated that the wild sesame, Sesamum 
angolense, had recently been brought into trial cultivation in Kenya. It 
produced an oil of little value as a vegetable oil but possessing great 
activity as a pyrethrum synergist. The Institute was requested to investi- 
gate possible alternative uses for the oil. 


DESCRIPTION OF SAMPLE 


The sample weighed 26 oz. and consisted of very small, mainly black 
but with a few brown, flat circular seeds. 


METHODs OF ANALYSIS 

The seeds, after grinding, were extracted in a large soxhlet extractor with 
light petroleum (boiling range 40-60°C.). A portion of the oil obtained 
(weighing 47 g.) was chilled overnight in a refrigerator at about 4°C. 
when a white deposit was formed. This was removed by centrifuging at 
3,000 rev./min. The 8 g. (17 per cent. of the oil) of solid obtained was 
recrystallized from light petroleum (boiling range 40-60°) and yielded 
white crystals (1 g., m.p. 96°C.) which, on recrystallization from ethanol, 
had a m.p. of 99°C. (m.p. of sesamin, 123°C.; m.p. of sesamolin, 
93-94°C.). Further cooling of the oil overnight at 4°C. yielded more 
white sediment which, on separating and recrystallizing from light 
petroleum (boiling range 40-60°C.), yielded a further 0-5 g. crystals. 
Further cooling produced no sediment. The total crystalline solid ob- 
tained was 1°5 g. (3 per cent. of the oil). 

The constants of the oil before and after separation of crude sesamin 
were determined using the methods of analysis given in British Standard 
684: 1958, except for the fatty acid composition which was determined 
using the method Cd 7-48 (revised April, 1956)"") and the sesamin and 
sesamolin contents which were determined using the method of Carlos 
Suarez et al‘?), 


RESULTS OF ANALYSIS 
The results are tabulated below (Tables I-IV) where they are compared 
with a sample of wild sesame seed from Northern Rhodesia previously 
examined at the Institute, and with the British Standard 656: 1950 
requirements for crude sesame oil (ex Sesamum indicum). 
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TABLE I 
Characteristics of the Seeds 


Sern l ane | 
| . | 
| Present | Previous sample 


Usual value 





| sample from Northern | or range for 
Rhodesia* Sesamum indicum 
| 
Weight of 100 seeds, g- ; ; 0-122 Orlll 0-28 
Moisture (loss on heating at 
100°C.), per cent. . 7°4 7°4 eet 
Oil content of seeds, as rec ceived, 
per cent. ; 27°5 28-4 48 to 54 
Oil content of seeds, moisture- free | 
basis, per cent. ; ; . | 29°7 30°7 — 


= Colon. Pl. Anim. Prod., 1951, O, No.4 4, 297: 2 99. 
+ “Oils, Fats and Fatty Foods”, by K. A. Williams, grd Edition. (London: 
J. & A. Churchill Ltd., noihety 


TaBLeE II 
Characteristics of the Oil 








Present Previous British 
Present sample after | sample from Standard 
sample cooling and Northern 656: 1950 
removal of Rhodesia* for crude 
sediment sesame oil 
Range 
Specific gravity at 0°g21 to 
15°5°/15°5°C. 0-945 0-937 0°936 | 0-924 
Refractive index, nD20°C. . 1-480 1°477 1*470 | 1°472 to 
1-476 
Iodine value (Wijs, th), ” 
per cent. ‘ ‘ 114°9 122°4 fe 119°6 105 to 118 
Saponification value, 
mg.KOH/g. oil : : 173°6 176°7 — 188 to 193 
Not exceeding 
Acid value, mg.KOH/g. oil . 16 | 1-3 — 5:0 
Unsaponifiable matter, | 
per cent. d 8-2 5°4 7°4 I°5 
Colour, 1 inch cell Lovibond: 
Red units. ; ; — 2:1 — Not.deeper 
than 2°5 
Yellow units : : - | 27:0 — Not deeper 
| than 30-0 








* Colon. Pl. Anim. Prod., 1951, Il, No. 4, 297-299. 
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TasBc_e III 
Fatty Acid Composition of the Oil 


| . 
| Present sample | Previous sample 





after cooling | from Sesamum indicum 

and removal Northern from Indiat 

of sediment* Rhodesiat 

per cent. | per cent. per cent. 

Saturated acids . ; ot 12°5 16°1 11°8 to 15:1 
Oleic acid ; : ‘ 34°1 28-1 35:0 to 49°4 
Linoleic acid. ‘ pt 43°0 44°0 37°7 to 48-4 
Linolenic acid . 5 O-4 _ — 
Conjugated dienes ‘ | 0-2 — 


* Spectrophotometric method (see methods of analysis), calculated on the oil. 

+ Calculated from iodine and thiocyanogen values, calculated on the oil. 

+ “The Chemical Constitution of Natural Fats’”’ by T. P. Hilditch, 3rd edition revised. 
(London: Chapman & Hall Ltd., 1956.) 


TasLe IV 
Sesamin and Sesamolin Contents of the Oil — 


| 


Present Present sample} Sediment Usual range 
sample after removal | (recrystallized for oil of 
of sediment | from EtOH) = Sesamum indicum* 
|J—— $$, J — 
per cent. per cent. per cent. per cent. 
Sesamin . j 7°75 3°33 95°6 0°8 to 1-1 
Sesamolin 4 0°04 1-20 | 2°3 0°33 to 0°35 





- * Analyt. Chem., 1952, 24, 668. 
REMARKS 

The examination has shown that the present sample of sesame seed 
contains little more than half of the oil which is usually found in Sesamum 
indicum. The extracted oil does not comply with the requirements 
of the British Standard for crude sesame oil with respect to specific 
gravity, refractive index, saponification value or unsaponifiable matter, 
either before or after chilling to remove sesamin. The fatty acid com- 
position of the oil after removal of sesamin is very similar to that of the 
oil of Sesamum indicum and there appears to be no reason why such an oil 
should not be suitable for edible use. However, owing to the small size of 
the seed, only half that usually found for Sesamum indicum, uniess the yield 
per acre is high, it is unlikely to be worth cultivating only as an oilseed. 

The sesamin content of the oil, which amounts to 7°75 per cent., is 
similar to that found for the sample of Sesamum from Northern Rhodesia 
previously examined at the Institute (oc. cit.) which was thought to be 
S. angolense, and this high sesamin content constitutes its chief interest. 
By chilling to about 4°C., about 4-5 per cent. of sesamin was separated, 
but a somewhat larger sample would be required for further experi- 
mental work before advice can be given on methods most suitable for 
separating the sesamin from the oil. 


@) Official and Tentative Methods of Analysis of the American Oil Chemists’ Society, 
and Edition. 

(2) Suarez, Carlos, O’Connor, R. T., Field, E. T., Bickford, W. G., “Determination 
of Sesamol, Sesamolin and Sesamin in Sesamin Concentrates and Oils”, Analyt. 
Chem., 1952, 24, 668-671. 
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Notes 


A Sample of Oleo-Resin from Pinus ¢lliottii from Mauritius.—A sample 
of oleo-resin, contained in two Winchester quart bottles, was sent to the Institute 
by the Conservator of Forests, Mauritius. It was a viscous, cream-coloured liquid 
which contained an appreciable quantity of debris, consisting mainly of pine- 
needles, other leaves, and chips of bark. . 

The bottles were opened and allowed to stand in warm water until the oleo- 
resin could be poured. The contents of each bottle were then weighed and trans- 
ferred into a flask of five litres capacity, care being taken to leave as much of the 
debris as possible in the bottles. 

The oleo-resin was steam-distilled and the distillate was collected in a 
Florentine receiver. The contents of the two bottles were distilled separately but 
the two batches of turpentine thus obtained were combined before being 
examined. The average yield of turpentine was 18-5 per cent. weight/weight. 

The rosin which remained in the flask was dried by continued heating in a 
stream of nitrogen and was then poured into a clean, new galvanized iron bowl 
where it was allowed to solidify. 

The turpentine was tested both in accordance with the methods specified in 
British Standard 244: 1936 for Turpentine Type 1 and, as far as possible, with 
those laid down by the American Society for Testing Materials for gum spirits of 
turpentine (A.S.T.M. designation 233-58). As there is no British Standard for 
rosin, the acid value and saponification value of the rosin were determined by 
the A.S.T.M. methods (D.465-51 and D.464-51 respectively). The turpentine was 
further examined by means of gas chromatography and the two major constituents 
were identified and estimated. The results of the examination are given in the 
tables (page 216, together with the relevant specifications. 

It can be seen that this sample of oleo-resin produced an average yield of 
good quality turpentine, the analytical constants of which satisfied the British 
Standard Specification entirely and only failed to satisfy the A.S.T.M. Specifi- 
cation in respect of the residue after polymerization. 

The chemical composition of the turpentine differed from that obtained from 
Pinus elliottii in the United States of America in the relative proportions of 
a-pinene and f-pinene. Mauritius turpentine contained 38-8 per cent. of a-pinene 
and 55°4 per cent. of B-pinene, whereas turpentine obtained from this species in 
the United States contains about 62 per cent. of a-pthene and 34 per cent. of 
B-pinene. It is, in fact, very unusual for any turpentine to contain more f-pinene 
than a-pinene, but this feature would not decrease its commercial value and 
might even increase it, depending on the purpose for which the turpentine was 
to be used. 

The constants of the rosin are just outside the ranges of normal American 
rosins. 
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TABLE I 
Analytical Constants of Turpentine distilled from Oleo-resin from Mauritius 





B.S. 244: 1936 | A.S.T.M. D.13-51 








Sample for Turpentine for Gum Spirits 
Type 1 | of Turpentine 

Specific gravity at | 
15°5°C./15°5°C. 0°8689 0-862 to 0-872 0°860 to 0°875 
Refractive Index at 20°C. 1°474! | 1:469 to 1-478 1-465 to 1-478 





Residue after polymeriza- | 
tion (B.S.) 
Refractive Index of residue 


(B.S.) 


4°5 per cent. 





1*5091 


Not more than 
II per cent. 


Not less than 
| 1-490 





Residue after polymeriza- | 
tion (A.S.T.M.) | 2°5 per cent. 


Distilling below 150°C. at | 


Not more than 
2 per cent. 


Not more than 








760 mm. Nil I per cent. Nil 
Distilling below 170°C. at | Not less than Not less than 
760 mm. 97 per cent. Q5 per cent. 


Non-volatile residue 
(B.S.) 


Non-volatile residue 


go per cent. 
Not more than 
2 per cent. 




















(A.S.T.M.) | 1°37 per cent. — — 
Flash point (Abel’s closed | Not below 
test) 95°F. go°F. — 
a-pinene content 38-8 per cent. | — — 
B-pinene content 55°4 per cent. | — — 
Taste II 
Analytical Constants for Rosin 





| 
Rosin prepared | 
from oleo-resin | American Rosin 
from Mauritius 


| 





























Softening point (capillary tube method) | 
Melting point (capillary tube method) aa 
Acid value, mg. KOH/g. ‘ ‘ - | 
Saponification value, mg. KOH/g. ; 
Colour (U.S. Dept. of Agriculture scale) . 





67°C. 70-80°C. 

70°C. below 135°C. 
148-0 152 to 177 
162-6 170 to 195 
M. 


E.E.L.E., G.E.H. 


Cymbopogon afronardus Oil from Uganda.—Two samples of the oil were received 
from the Uganda Development Corporation. The oil had been obtained by the 
steam distillation of the leaves and stalks of the grass (Cymbopogon afronardus), 
which was a weed and caused a considerable amount of damage to pasture 
grasses in Uganda. It was stated that the yield of oil, which amounted to 0-3 per 
cent., would probably be much higher if the leaves alone were distilled. 


The first sample consisted of $ fluid oz. of a clear, pale yellow oil with an 
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odour resembling palmarosa, but there was also a strongly aldehydic note present, 
The second sample (10 fluid oz.) was similar. 

Examination.—Before examination both samples of the oil were filtered through 
paper. The oils were examined by the methods specified in B.S. 2073: 1953, for 
the analysis of essential oils, and the results are shown in the accompanying table 
in comparison with the figures obtained for a sample of C. afronardus oil distilled 
in Kenya and examined at the Imperial Institute in 1934.* 

It will be seen from the results that the analytical constants of the present 
samples are not in very close agreement with one another. Sample No. 1 has a 
higher ester value and content of “total alcohols” expressed as geraniol than 
sample No. 2. Comparison with the C. afronardus oil examined at the Imperial 
Institute, shows that the ester value and “‘total alcohol” content of the Kenya oil 
are considerably higher than those of the present samples. 

A further indication of the low content of oxygenated constituents in the 
Uganda oils is the very poor solubility in 70 per cent. volume/volume alcohol of 
sample No. 2 (there was insufficient of No. 1 to carry out the test), in comparison 
with that of the Kenya oil which was soluble in 1-7 volumes of alcohol of this 
strength. 

Using the oil from sample No. 2, an attempt was made to estimate the true 
geraniol content by infra-red spectrophotometry using the absorption peak due 
to the primary alcohol group at 990 cm.-!. In the first instance, a higher figure 
was obtained for the geraniol content than by the acetylation method. It was 
subsequently found, however, after partial separation of the oil into its con- 
stituents by adsorption chromatography, that the hydrocarbons from the oil (the 
infra-red curves indicated that these consisted mainly of myrcene) under similar 
conditions gave an absorption peak at the same wave number as that used for 
measurement of the geraniol content. After applying a correction for the absorp- 
tion due to the hydrocarbons in the oil, the corrected geraniol content was 
approximately 15-6 per cent. As the oil contained about 5 per cent. weight/weight 
of aldehydes calculated as C,)H,,O (hydroxylamine hydrochloride method) the 
figure of 15-6 per cent. is comparable with the “total alcohols” estimated by 
acetylation at 20-7 per cent., assuming the aldehydes react with the acetic 
anhydride during acetylation. 

Remarks.—The examination of the present samples has indicated that they 
differ in composition from the C. afronardus oil from Kenya previously examined 
at the Imperial Institute and they may possibly be derived from other varieties of 
the species. Beckleyt has stated that there are several varieties of the species 
growing in Kenya, the yield of oil varying from traces to 1-0 per cent. Oils of the 
quality of the present samples, consisting largely of hydrocarbons, would not be 
of commercial interest but, as oils containing a high content of oxygenated con- 
stituents have been produced from the Kenya variety of C. afronardus, it would 
seem worthwhile to examine oils from different sources to see if there are other 
varieties in Uganda which would yield oils with a higher geraniol. content. 
Determination of the solubility in 70 per cent. volume/volume alcohol and the 
ester value after acetylation would be sufficient test of the oil in the first instance. 
If an oil giving figures comparable to or better than those reported for the Kenya 
oil were found, this could then be investigated at the Institute to determine 
more exactly the amount of geraniol present. An oil with a high geraniol | content 
might be a worthwhile proposition, if it were not too expensive to produce. 


* “ Essential Oils from East Africa”, Bull. Imp. Inst., 1934, 32 2 
+ Beckley, V. A. ‘* Essential Oils : Oils from Indigenous Piants”, on. Afr. Agri. F., 
1936, 1, 469. 
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ANALYTICAL CONSTANTS OF O1Ls oF Cymbopogon afronardus 








Oils from Uganda 





Oils from Kenya, 
examined at 





Sa —— Imperial 
Sample 1 Sample 2 Institute* 
Specific gravity at 20/20°C. 0-9092 0°8795 o-8911T 
Wt. per ml. at 20°C. 0-9066 08770 o-8886t 
Optical rotation, ap . ; +7°02° at 23°C. | +6-56° at 23°C. | —0-17° at 19°C. 
Refractive Index, np 20°C. 14927 14873 1°4755 
Acid value, mg.KOH/g. oil . 08 18 1°4 
Ester value, mg.KOH/zg. oil 18-9 9°3 52-0 
Ester value after acetylation 
mg.KOH/g. acetylated oil 109°0 Jil 249°! 
equivalent to “total alcohols” 
calculated as geraniol 
(CyoH gO) per cent. w/w 32°6 20°7 84-2 


Solubility in 70 per cent. v/v 
alcohol ; ; 


* Bull. Imp. Inst., 1934, 32) 219. 
+ Figures calculated from the specific gravity at 15-5/15-5°C. 








Insoluble in 


| 10 vol. at 20°C. 


W.S.M. and G.B.P. 





Soluble in 1-7 vol. 


at 15°5°C. 


No turbidity 


on dilution. 
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Book Reviews 


A NoTe-Book oF TROPICAL AGRICULTURE. Originally by R. Cecil 
Wood. Sixth Edition revised and enlarged by the Imperial College of Tropical 
Agriculture, 256 pp., 6344, (Trinidad, B.W.I.; The Imperial College of 
Tropical Agriculture, 1957.) Price 12s. 6d. 


In the course of the several new editions that have been issued since Wood’s 
Note-book was first published in 1933, the text has been considerably improved, 
but in places the subject matter is still confined to very generalized statements 
which can only be of limited value to the individual worker. 

Opinions will vary widely regarding the facts that should be included in a 
work of this nature; nevertheless, the section devoted to fruits is disappointing. 
The information provided on these pages could be usefully expanded and it is 
hoped that in the next edition a little extra space will be spared to give fruit crops 
fuller treatment. With respect to citrus the more important newer hybrids such 
as the tangelos should be mentioned. The spacings at which citrus is planted in 
various countries vary considerably and that given for oranges, for example, is 
on the close side for all conditions. Such particulars should be qualified. Reference 
could usefully be made to the chief pineapple varieties, while the yields indicated 
for this crop are high except where conditions are as in Hawaii. The various 
species treated under the heading “miscellaneous fruits’, which include some 
important individual kinds, are very briefly dismissed. 

In the section relating to fibres and dealing with ramie, no mention is made 
regarding the area from which the yield of 45 tons of green material is obtained. 
It is presumed that this figure is the yield per acre. In the case of sisal there is an 
apparent misprint since the yield is likely to be about 1 ton of fibre per acre per 
annum and not per acre per day. There appears to be some confusion as regards 
the hemps. “Indian Hemp”’ extracted from true hemp, Cannabis sativa, is a drug 
whereas the fibre often called Sunn hemp, and known in the trade as Indian 
Hemp, is obtained from Crotalaria juncea. 

In the oilseed section the Deli palm should hardly be described as a tenera 
type of palm since, while this variety has its own characteristics, it more resembles 
the West African dura form of Elaeis guineensis. The inclusion of a list of reference 
books is a useful new feature; this shows how old some of the standard works 
have now become. 

* E.H.G.S. and J.S.I. 


Tue STAPLE Foop ECONOMIES OF WESTERN TROPICAL AFRICA. By 
Bruce F. Johnston. 305 pp., Maps, 9 x 5}. (California: Stanford University 
Press, 1958.) Price $6. 


This publication is one of a group of studies in tropical development currently 
being made by The Food Research Institute of Stanford University. 

Its purpose is to present a broad picture of the staple food crops of major 
importance in African agriculture and diets. It is stated to be the first attempt to 
bring together information concerning distribution, relative importance and 
characteristics of the major staple food crops of western tropical Africa, which 
account for 60-85 per cent. of the total calorie intake of the people of this region. 

The area under consideration embraces the eight territories of French West 
Africa, French Togo, Gambia, Sierra Leone, Ghana, Nigeria, Portuguese Guinea, 
French Equatorial Africa and the Cameroons, the Belgian Congo, Spanish Guinea 
and Angola. They cover about 4-7 million square miles in all and are occupied 
by about 80 million inhabitants. The starchy staple foods upon which attention 
is focussed are millets, sorghums, maize, rice, manioc (or cassava), yams, coco- 
yams, sweet potatoes and the starchy banana or plantain. 

The first eight chapters of the book are occupied with a detailed discussion of 
these food crops, their importance, their relation to economic development, 
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internal and external trade, their physical environment and geographical distri- 
bution, their characteristics, economic and other factors influencing their 
distribution and their place in African diets. 

In Chapter 9 the author describes what he believes will be some of the future 
changes in the position of the different staple food crops in the dietary of the 
peoples, and in the last chapter he looks at the oft-repeated, important question 
of whether future food production will satisfy demands resulting from population 
increases, urbanization, industrial and mining development and rising incomes. 
He believes that in tropical Africa, as elsewhere, impressive results will be 
achieved by the application of the scientific method. 

The text is supplemented by thirteen maps showing the annual rainfall over 
the whole area, the moisture regions and water requirements, climatic factors, 
vegetation zones, and the areas of dominant and secondary staple food crops in 
the various territories. Other detailed information about the relative areas planted 
with these crops and their prices are provided in Appendix tables. 

This book is clearly the result of an assiduous study and is well documented. 
It would be a useful reference book for all those interested in tropical crops and 
nutrition. 


L.H.G.-B. 


PRINCIPLES OF SUGAR TECHNOLOGY. Volume II. Crystallization. Edited 
by P. Honig. xviii + 567 pp., 9} x 6}. (London: D. Van Nostrand Co. Ltd., 
1959). Price 95s. 


This volume aims to give a summary of the technology of the crystallization 
processes as it is applied to-day in the main sugar producing areas of the world. 
It presents the experience of sugar technologists in a variety of countries: 
Australia, the Netherlands, South Africa, U.S.A., Indonesia, Hawaii and the 
U.K. It covers a field calling for considerable specialization, and one which, in 
modern practice, include smany complications which have been introduced with 
a view to securing the maximum yield of sugar crystals from the juice. A large 
residue of unsolved problems still awaits further experimental observation for 
clarification. The result is a work which, however fascinating to the specialist, is 
liable at first reading to strike the general practitioner with some dismay. Topics 
dealt with include: the crystallography of sucrose; the solubility of sucrose in 
impure solutions; nucleation in supersaturated sucrose solutions; kinetics of 
crystallization growth of crystals; chemistry of crystallization; control methods 
and equipment in sugar crystallization; application of the conductivity method 
to control the crystallization process and seeding technique; determination of 
heat transmission as an indirect method for the determination of the viscosity 
and supersaturation of technical sugar solutions; technology of sugar crystal- 
lization; evaporation and circulation in the crystallization process; natural and 
mechanical circulation in vacuum pans with performance data and tests; 
crystallization of massecuites by cooling; conditioning of massecuites in crystal- 
lizers; maximum recovery of crystallized sucrose from low grade boiling. 

The resultant volume can be recommended to all who are concerned with 
the technology of sugar manufacture. While sugar crystallization was until 
recently more an art than a science, it may be appropriate to recall Johnson’s 
words that, ““The philosopher may be delighted with the effect of his views, the 
artificer with the readiness of his hands, but let the one remember that, without 
mechanical performance, refined speculation is 22 empty dream, and the other 
that, without theoretical reasoning, dexterity is little more than brute instinct’. 

As an example of applied science we can commend the work to those con- 
cerned with more general problems. 


W.D.R. 


Tue WEALTH OF INDIA. RAw MATERIALs. Vol. IV. F.G. (with index). 


Chief Editor, B. N. Sastri, xxviii, + 287 pp., 11 x9, (New Delhi: The Director 
General, Council of Scientific and Industrial Research, 1956). 


The Wealth of India is a comprehensive work undertaken by the Indian Council of 
Scientific and Industrial Research to replace the 50-year-old authoritative 
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dictionaries of Watt. It is published in two series, one dealing with raw materials 
and the other with industrial products. Previous volumes were reviewed in this 
journal’s predecessor, Colonial Plant and Animal Products.* The volume now under 
review covers those raw materials having names beginning with the letters “F” 
and “G’’. It contains about 340 entries including 325 on plant species. An index 
of common English names, regional names and names in Indian languages is 
included at the end of the volume. 


Oils and Fats 

Items of particular interest about food plants in this volume are those on 
Fagopyrum, and on Glycine. The article on Fagopyrum occupies five pages and gives 
an adequate description of the different species and their main characteristics. 
The Indian buckwheat, F. tataricum, is grown especially in the higher Himalayas, 
for it is useful in short-season climates and on poor lands. Apart from its value as 
grain, its leaves are used as pot herbs. It would have been interesting if the article 
could have included a description of the nutritional value of this species. The 
article on Glycine deals mainly with G. max and occupies eight pages. Various 
soya bean products are described and the constants and composition of the oil 
are adequately covered. 

There are several articles dealing with sources of oils and fais. Five pages are 
devoted to fats and oils of animal origin (other than fish oils and milk fats). The 
usual information is provided concerning the constants and fatty acid composition 
but more details from the Indian angle would have been welcome. The older 
compilation (Watt’s “Dictionary of the Economic Products of India’’) still 
remains a most valuable reference work. It gives a wealth of Indian information 
even though much is based on hearsay. This can be contrasted with the present 
dictionary where much of the information seems to come from Western sources. 
However, perhaps this defect will be rectified in future editions when the volume 
of Indian scientific work has increased. Various species of Garcinia are dealt with: 
one of these is G. indica, the Kokam butter tree, the kernels of which give about 
44 per cent. of a valuable edible fat extracted mostly on a cottage industry basis. 
The use of this fat appears to be limited to India. Gmelina is a genus of trees and 
shrubs found in South-East Asia and tropical Australia: the character of the oils 
derived from the seeds of G. asiatica and Gnetum ula is briefly described. There 
is a long article devoted to cottonseed and dealing adequately with its oil. Niger 
seed oil (Guizotia abyssinica) is also dealt with. Exports of niger seeds from India 
over the period 1929-1955 show that their value tends to fluctuate rather widely; 
in general, however, there was a marked increase in the value of the exports in 
1947. The fixed oil forming 22 per cent. of the seeds of Gynandropsis gynandra is 
described, as well as that obtained from the oil of Gynocardia odorata. 


Fruit and Fungi 

Because of the wide range of climatic conditions in India many kinds of fruit 
can be grown, although none of those treated in this volume is of outstanding 
importance to Indian horticulture. Those described include the common fig, a 
close relative of the banyan tree, but commercial production of this fruit is 
limited to a few centres near Poona in South India; a few years ago there were 
about 800 acres of figs under cultivation. In Punjab, United Provinces and 
Mysore, the fig is confined to gardens. Unfortunately, the mangosteen has very 
specific climatic requirements and only succeeds in one or two districts, e.g., the 
lower slopes of the Nilgiris. Strawberries are confined to land at the higher 
elevations but are grown to a small extent in parts of Kashmir, Punjab, United 
Provinces, Bombay, Madras and Mysore. A little known fruit, the feijoa or pine- 
apple guava, is grown in some gardens in South India and might succeed else- 
where in the more temperate regions of the country. There appears to be 
considerable scope for the gradual expansion of the fruit industry of India, 
mainly to meet the needs of what should be a developing domestic market. 


* Colon. Pl. Anim. Prod. 1952-3, Il, No. 3, 262 and Colon. Pl. Anim. Prod. 1950, I, 
Nos. 1 and 4, 78, 326. 
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A feature of the volume is a comprehensive monograph on the Indian fungi, 
giving an interesting account of the edible mushrooms and fungi of India. The 
various sections of the work vary considerably in length according to the impor- 
tance of the subject. The more important monographs provide very considerable 
information concerning the species grown and their cultivation in India, and, 
where appropriate, concerning the products and their preparation. 


Essential Oils 

This volume includes very few plant materials which are of interest to the 
perfumery and flavouring industries. The most important of these is fennel, the 
fruit of Foeniculum vulgare Mill.; this is used principally as a spice but also to some 
extent in pharmacy. The monograph is not confined to Indian fennel, although 
the distribution, cultivation, preparation and use of fennel in India are clearly 
described. It is stated that fennel is official in the pharmacopoeias of all countries, 
but this is not strictly true. At the time of publication, fennel was not official in 
the United States Pharmacopoeia, but fennel oil was and still is. Fennel was official 
in the British Pharmacopoeia, 1953, but it has been deleted from the 1958 edition, 
although it is still included in the British Pharmaceutical Codex. However, Indian 
fennel is not recognised as a drug in British pharmaceutical practice, probably 
because it contains a very small percentage of essential oil, on which its value as 
a drug depends. 

The monograph is generally well written, but it contains several obvious 
spelling errors. 

E.B., W.D.R., and E.H.G.S. 


RECEIVED FOR NOTICE 


Tue Empire Forestry REVIEW. Edited by W. MacF. Robertson. 
38(2), No. 96, June, 1959. xii+107 pp., 9x6. (London: The Empire 
Forestry Association). Price 7s. 6d. net. 

This quarterly review is a medium for the exchange of information on forestry 
between the foresters of the Commonwealth, and its contents include technical 
and descriptive articles and reviews of current forestry literature. The June issue 
contains an important article on the application of aerial photography to tropical 
rain forest in Ceylon. The author, R. A. de Rosayro, Senior Assistant Conservator 
of Forests, describes the mapping of vegetation types in the Sinharaja forest. The 
final mapping was done after the results of the sampling had indicated the nature 
and significance of the strata. Other topics dealt with in this issue relate to 
termites harmful to forestry in British Honduras, and to eucalypts in Cyprus. 


Sort anp LAND-vusE SuRvEys, No. 4. Report by the Regional Research 
Centre of the British Caribbean, 28 pp., Map, 10}x®, (Trinidad: The 
Imperial College of Tropical Agriculture, February, 1959.) Price 125. 6d. 


This survey deals with the parish of St. Andrew, Jamaica, and is in three parts. 
Part I is concerned with factors affecting land-use in St. Andrew—e.g., climate, 
geology, drainage and vegetation. Part II reports on soil formation and classifica- 
tion, and map compilation. Part III makes recommendations for optimum land- 
use based on interpretations of soil profiles and environmental factors, and suggests 
lines of investigation and research. 


Soir AND LAND-usE SuRvEys, No. 5. Report by the Regional Research 
Centre of the British Caribbean, 34 pp., Maps, 10}x8 (Trinidad: The 
Imperial College of Tropical Agriculture, April, 1959.) Price 145. 

Survey No. 5 deals with British Guiana and is in five parts: (I) the Mahdia 

Valley, (II) the Bartica Triangle, (III) the Kamarang and Kukui Valleys, 


(IV) a part of the upper Mazaruni Valley. It gives a full description of the 
physical environment and of the soils in each region. 
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